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Ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é ñåðöÿ
³ øâèäê³ñòü ñïîæèâàííÿ êèñíþ ó ùóð³â iç ãåíåòè÷íî
äåòåðì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ

Ó äîñë³äæåííÿõ íà ùóðàõ ç ãåíåòè÷íî äåòåðì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ ³ ë³í³¿ Â³ñòàð
(êîíòðîëü) îö³íþâàëè åôåêòèâí³ñòü ôóíêö³îíóâàííÿ ì³òîõîíäð³é ñåðöÿ çà äîïîìîãîþ
ç³ñòàâëåííÿ ð³âíÿ ìåìáðàííîãî ïîòåíö³àëó, äèõàííÿ òà îêèñíîãî ôîñôîðèëþâàííÿ. Âèì³ðþâàííÿ
ìåìáðàííîãî ïîòåíö³àëó ³ øâèäêîñò³ ñïîæèâàííÿ êèñíþ â ñóñïåíç³¿ ì³òîõîíäð³é ñåðöÿ
çä³éñíþâàëè çà äîïîìîãîþ ÒPMP+-ñåëåêòèâíîãî åëåêòðîäà çà ìåòîäîì, îïèñàíèì Ì. Brand.
Ïðîöåñè ì³òîõîíäð³àëüíîãî äèõàííÿ ³ îêèñíîãî ôîñôîðèëþâàííÿ äîñë³äæóâàëè çà äîïîìîãîþ
ïðèëàäó «Îêñèãðàô». Âèÿâëåíî, ùî ó ùóð³â ç³ ñïîíòàííîþ ã³ïåðòåíç³ºþ ìåìáðàííèé ïîòåíö³àë
ì³òîõîíäð³é ñåðöÿ ñòàíîâèâ -113,76 ìÂ ± 3,65 ìÂ ³ áóâ äîñòîâ³ðíî íèæ÷èì, í³æ ó êîíòðîëüíèõ
òâàðèí (-152,85 ìÂ ± 13,52 ìÂ, P<0,01), òîä³ ÿê ïîêàçíèêè øâèäêîñò³ ñïîæèâàííÿ êèñíþ â
ñòàí³ â³äíîñíîãî ñïîêîþ V

2
 ³ V

3
 áóëè äîñòîâ³ðíî çá³ëüøåí³ (P<0,001). Ïðè îäíî÷àñíîìó çíèæåíí³

(íà 23,9 %; Ð<0,05) äèõàëüíîãî êîíòðîëþ, ÿêèé â³äîáðàæàº ñòóï³íü ñïðÿæåííÿ ïðîöåñ³â
äèõàííÿ ³ ôîñôîðèëþâàííÿ. Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà á³ëüø íàïðóæåíó ðîáîòó
äèõàëüíîãî ëàíöþãà ç ïîíèæåíîþ åíåðãîòâîðíîþ ôóíêö³ºþ ì³òîõîíäð³é ñåðöÿ òâàðèí ç
ã³ïåðòåíç³ºþ. Çðîáëåíî âèñíîâîê ïðî ôóíêö³îíàëüíèé çâ�ÿçîê ì³æ îñîáëèâîñòÿìè
ì³òîõîíäð³àëüíîãî åíåðãîçàáåçïå÷åííÿ ³ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ.
Êëþ÷îâ³ ñëîâà: ì³òîõîíäð³¿, ã³ïåðòîí³ÿ, ìåìáðàííèé ïîòåíö³àë.

ÂÑÒÓÏ

Íèí³ àðòåð³àëüíà ã³ïåðòåíç³ÿ º íàéá³ëüø
ðîçïîâñþäæåíèì çàõâîðþâàííÿì ñåðöåâî-
ñóäèííî¿ ñèñòåìè. Â Óêðà¿í³ íà öþ ïàòî-
ëîã³þ ñòðàæäàº ïîíàä òðåòèíà äîðîñëîãî
íàñåëåííÿ [7, 12]. Àðòåð³àëüíà ã³ïåðòåíç³ÿ
º ÷èííèêîì ðèçèêó áàãàòüîõ âàæêèõ ñåð-
öåâî-ñóäèííèõ çàõâîðþâàíü ³ ó ñóêóïíîñò³
ç ðîçâèíåíèìè óñêëàäíåííÿìè � ãîëîâíà
ïðè÷èíà ñìåðòíîñò³ ëþäåé [12]. Ïðîòå äî
òåïåð³øíüîãî ÷àñó ìåõàí³çì ðîçâèòêó
öüîãî çàõâîðþâàííÿ îñòàòî÷íî íå ç�ÿ-
ñîâàíèé. Äåÿê³ àâòîðè ïîâ�ÿçóþòü ïðè÷èíó
âèíèêíåííÿ àðòåð³àëüíî¿  ã ³ïåðòåíç³ ¿  ç
êë³òèííî-òêàíèííèì äåô³öèòîì åíåðã³¿, ÿêèé
çóìîâëåíèé ïîðóøåííÿì ïðîöåñó ¿¿ ïåðåò-
âîðåííÿ â ì³òîõîíäð³ÿõ êë³òèí ³ ñêîðî-
÷åííÿì ïðîäóêö³¿ ÀÒÔ [1�3, 9, 10]. Âñòà-

íîâëåíî, ùî ó ùóð³â ³ç ãåíåòè÷íî äåòåð-
ì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ
çíèæåíà ÀÒÔ-ñèíòåçóâàëüíà çäàòí³ñòü
ì³òîõîíäð³é ïå÷³íêè òà ãîëîâíîãî ìîçêó [1,
3]. Àâòîðè ïðèïóñêàþòü, ùî ö³ ïðîöåñè
ìîæóòü áóòè ïîâ�ÿçàí³ ç îñîáëèâîñòÿìè
ôóíêö³îíóâàííÿ ìåìáðàí ì³òîõîíäð³é [1, 3,
9, 10]. ßê â³äîìî, îñíîâíèìè ïîêàçíèêàìè
åôåêòèâíîñò³ ôóíêö³îíóâàííÿ ì³òîõîíäð³é º
¿õ ìåìáðàííèé ïîòåíö³àë, ïðîöåñè äèõàííÿ
³  îêèñíîãî ôîñôîðèëþâàííÿ.  Îäíàê ó
òâàðèí ç³ ñïîíòàííîþ ã³ïåðòåíç³ºþ âîíè
âèâ÷åí³ íåäîñòàòíüî.

Ìåòà íàøî¿ ðîáîòè � îö³íèòè åôåêòèâ-
í³ñòü ôóíêö³îíóâàííÿ ì³òîõîíäð³é ñåðöÿ
ùóð³â ç ãåíåòè÷íî äåòåðì³íîâàíîþ àðòå-
ð³àëüíîþ ã³ïåðòåíç³ºþ çà äîïîìîãîþ ç³ñòàâ-
ëåííÿ ð ³âíÿ  ìåìáðàííîãî ïîòåíö³àëó,
äèõàííÿ ³ îêèñíîãî ôîñôîðèëþâàííÿ.
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ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî íà 36 á³ëèõ ùóðàõ-
ñàìöÿõ ìàñîþ 250�300 ã, ÿê³ çíàõîäèëèñÿ
íà ñòàíäàðòíîìó ðàö³îí³ â³âàð³þ ²íñòèòóòó
ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿-
íè. Òâàðèí áóëî ïîä³ëåíî íà äâ³ ãðóïè ïî 18
ùóð³â ó êîæí³é. Äî êîíòðîëüíî¿ ãðóïè
ââ³éøëè ùóðè ë³í³¿ Â³ñòàð, äî äîñë³äíî¿ � ç
ãåíåòè÷íî äåòåðì³íîâàíîþ àðòåð³àëüíîþ
ã³ïåðòåíç³ºþ. Åêñïåðèìåíòè ïðîâîäèëè ç
äîòðèìàííÿì óìîâ ðîáîòè ç ëàáîðàòîðíèìè
òâàðèíàìè. Ì³òîõîíäð³¿ ñåðöÿ ùóð³â âèä³ëÿ-
ëè äèôåðåíö³àëüíèì öåíòðèôóãóâàííÿì [5].
²çîëüîâàí³ ñåðöÿ ïðîìèâàëè îõîëîäæåíèì
0,9%-ì ðîç÷èíîì ÊÑl,  ïîäð³áíþâàëè ³
ãîìîãåí³çóâàëè â  10-êðàòíîìó îá�ºì³
ñåðåäîâèùà (ììîëü/ë): ñàõàðîçà � 250,
òð³ñ-ÍÑl  �  25,  EÄTA � 1;  ðÍ 7,2�7,4 .
Ãîìîãåíàò öåíòðèôóãóâàëè ïðè 700g 8 õâ
(4°Ñ), à ñóïåðíàòàíò � ïîâòîðíî ïðè 11000g
16 õâ (4°Ñ). Îòðèìàíèé îñàä (ì³òîõîíä-
ð³àëüíà ôðàêö³ÿ) ñóñïåíäóâàëè â áóôåð³
(ììîëü/ë): ñàõàðîçà � 250, òð³ñ-ÍÑl � 25;
ðÍ (7 ,2�7 ,4) .  Âì³ñò  á ³ëêà  â  ñóñïåíç ³ ¿
ì³òîõîíäð³é âèçíà÷àëè ìåòîäîì Ëîóð³ [17].

Âèì³ðþâàííÿ ìåìáðàííîãî ïîòåíö³àëó
ì³òîõîíäð³é  çä³éñíþâàëè çà  ìåòîäîì,
îïèñàíèì Brand ³ ñï³âàâò. [14, 18], ÿêèé
ïåðåäáà÷àº âèêîðèñòàííÿ ë³ïîë³òè÷íîãî
êàò³îíà - ìåòèëòðèôåí³ëôîñôîí³óì áðîì³äó
(TÐMP+ â³ä àíãë.  t r ³phenyl-methylphos-
phon³um brom³de) ³ ÷óòëèâîãî äî íüîãî
åëåêòðîäà (ÒPMP+-åëåêòðîä). Óñòàíîâêà
äëÿ âèì³ðþâàííÿ ìåìáðàííîãî ïîòåíö³àëó
â ñóñïåíç³¿ ì³òîõîíäð³é áóëà ñòâîðåíà íà
áàç³ â³ää³ëó ô³ç³îëîã³¿ êðîâîîá³ãó ²íñòèòóòó
ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿-
íè. Âîíà ñêëàäàºòüñÿ ç òåðìîñòàòîâàíî¿
(37°C)  êàìåðè îá�ºìîì 1  ìë,  ÒPMP +-
ñåëåêòèâíîãî ³ ðåôåðåíòíîãî åëåêòðîä³â, à
òàêîæ åëåêòðîäà Êëàðêà, ÿêèé äàº çìîãó
îäíî÷àñíî ðåºñòðóâàòè ð³âåíü ñïîæèâàííÿ
êèñíþ â ñóñïåíç³¿ ì³òîõîíäð³é (ðèñ. 1).
Ñèãíàë ç åëåêòðîä³â ïåðåäàºòüñÿ ÷åðåç
ïîòåíö³îìåòð �Sartorius� (Í³ìå÷÷èíà) ³
ãàçîàíàë³çàòîð BMS 3 Mk 2 (Äàí³ÿ) íà ïëàòó

ÀÖÏ L-card ³ ðåºñòðóºòüñÿ íà ïåðñîíàëü-
íîìó êîìï�þòåðó çà äîïîìîãîþ ïðîãðàì-
íîãî çàáåçïå÷åííÿ, ðîçðîáëåíîãî ó â³ää³ë³.
Ì³òîõîíäð³¿ ³íêóáóâàëè â ñåðåäîâèù³, ùî
ì³ñòèòü 120 ììîëü/ë ÊÑl, 25 ììîëü/ë òð³ñ-
HÑl, 3 ììîëü/ë KH

2
PO4, 5 % çíåæèðåíîãî

áè÷à÷îãî ñèðîâàòêîâîãî àëüáóì³íó; ðÍ
(7,2�7,4). Ó ãåðìåòè÷íó òåðìîñòàòîâàíó
êàìåðó  (37°Ñ)  ç  ÒPMP +-ñåëåêòèâíèì
åëåêòðîäîì âíîñèëè ì³òîõîíäð³¿ ç ðîçðà-
õóíêó 0,5 ìã/ìë á³ëêà. Äëÿ ³í³ö³àö³¿ äèõàííÿ
³ ãåíåðàö³¿ ì³òîõîíäð³ÿìè ìåìáðàííîãî
ïîòåíö³àëó äîäàâàëè â êàìåðó 10 ìêë
ñóêöèíàòó íàòð³þ (5 ììîëü/ë). Ìåìáðàííèé
ïîòåíö³àë ì³òîõîíäð³é (∆ψ) ðîçðàõîâóâàëè
çà ð³âíÿííÿì Íåðíñòà:

∆ψ= (RT/zF) ln (a
out

 /a
in

),

äå R � óí³âåðñàëüíà ãàçîâà êîíñòàíòà, T �
àáñîëþòíà òåìïåðàòóðà, z � âàëåíòí³ñòü ³
F � êîíñòàíòà Ôàðàäåÿ, à

out
 ³ à

³n
 � àêòèâ-

í³ñòü æèðîðîç÷èííèõ ³îí³â óñåðåäèí³ îðãà-
íåëè ³ â ñåðåäîâèù³ ³íêóáàö³¿.

Ðèñ. 1. Îäíî÷àñíà ðåºñòðàö³ÿ ìåìáðàííîãî ïîòåíö³àëó ³
øâèäêîñò³ ñïîæèâàííÿ êèñíþ â ñóñïåíç³¿ ì³òîõîíäð³é:
à � ïîëÿðîãðàô³÷íà êðèâà (çíèæåííÿ ¿¿ ñâ³ä÷èòü ïðî
ïîãëèíàííÿ êèñíþ ñóñïåíç³ºþ ì³òîõîíäð³é); á �
ðåºñòðàö³ÿ äàíèõ ç ÒÐÌÐ+-÷óòëèâîãî åëåêòðîäà
(«ïàä³ííÿ» ñâ³ä÷èòü ïðî íàïðàöþâàííÿ ìåìáðàííîãî
ïîòåíö³àëó ó â³äïîâ³äü íà ââåäåííÿ ñóáñòðàòó �
ñóêöèíàòó íàòð³þ)

Ìåìáðàííèé ïîòåíö³àë ì³òîõîíäð³é ñåðöÿ

100 1500
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Ïðîöåñè ì³òîõîíäð³àëüíîãî äèõàííÿ òà
îêèñíîãî ôîñôîðèëþâàííÿ äîñë³äæóâàëè
ïîëÿðîãðàô³÷íèì ìåòîäîì ç âèêîðèñòàííÿì
çàêðèòîãî åëåêòðîäà Êëàðêà çà äîïîìîãîþ
ïðèëàäà �Oxygraph� («Hansatech instru-
ments», Âåëèêîáðèòàí³ÿ). Ôóíêö³îíàëüíèé
ñòàí ì³òîõîíäð³é âèçíà÷àëè ìåòîäîì ×àíñà
òà Â³ëüÿìñà [15]. ßê ñóáñòðàò îêèñíåííÿ
âèêîðèñòîâóâàëè 20 ìêë ñóêöèíàòó íàòð³þ
(5 ììîëü/ë). Äèõàííÿ ñòèìóëþâàëè äîäà-
âàííÿì 200 ìêìîëü/ë AÄÔ.

Ïðè äîñë³äæåíí³ ôóíêö³îíàëüíîãî ñòàíó
êîìïëåêñ³â äèõàëüíîãî ëàíöþãà ³çîëüî-
âàíèõ ì³òîõîíäð³é ñåðöÿ ðîçðàõîâóâàëè
íàñòóïí³ ïàðàìåòðè: V

2
 � øâèäê³ñòü äèõàí-

íÿ ì³òîõîíäð³é ó ñòàí³ â³äíîñíîãî ñïîêîþ;
â ñòàí³ 2 çà ×àíñîì, çà íàÿâíîñò³ ñóáñòðàòó
îêèñíåííÿ ñóêöèíàòó íàòð³þ òà â³äñóòíîñò³
àêöåïòîðà ôîñôàòó (ÀÄÔ); V

3
 � øâèäê³ñòü

ôîñôîðèëþâàëüíîãî äèõàííÿ ì³òîõîíäð³é (ó
ìåòàáîë³÷íîìó ñòàí³ 3 çà ×àíñîì, ïðè âèñî-
êîìó âì³ñò³ â ñåðåäîâèù³ ³íêóáàö³¿ ñóáñò-
ðàòó ñóêöèíàòó íàòð³þ, òà çà íàÿâíîñò³ ÀÄÔ);
V

4
 � øâèäê³ñòü êîíòðîëüîâàíîãî äèõàííÿ

ì³òîõîíäð³é (ó ìåòàáîë³÷íîìó ñòàí³ 4 çà
×àíñîì, êîëè çàê³í÷óºòüñÿ ÀÄÔ, ïðè âèñî-
êîìó âì³ñò³ â ñåðåäîâèù³ ³íêóáàö³¿ ñóáñòðà-
òó ñóêöèíàòó íàòð³þ); äèõàëüíèé êîíòðîëü
çà ×àíñîì � â³äíîøåííÿ V

3
 äîV

4
; AÄÔ/O

� êîåô³ö³ºíò åôåêòèâíîñò³ ôîñôîðèëþ-
âàííÿ.

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â ïðî-
âîäèëè ç  âèêîðèñòàííÿì ïðîãðàìíîãî
çàáåçïå÷åííÿ Microsoft Excel 2003. Äîñòî-
â ³ðí³ñòü  ïîêàçíèê³â  ðîçðàõîâó âàëè çà
äîïîìîãîþ êðèòåð³þ t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Íàìè âèÿâëåíî, ùî ìåìáðàííèé ïîòåíö³àë
ì³òîõîíäð³é ó ùóð³â ç ãåíåòè÷íî äåòåð-
ì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ áóâ
äîñòîâ³ðíî çíèæåíèì ( ðèñ. 2).

Ó ñóñïåíç³¿ ì³òîõîíäð³é ñåðöÿ ùóð³â ç³
ñïîíòàííîþ ã³ïåðòåíç³ºþ çíà÷åííÿ ìåìá-
ðàííîãî ïîòåíö³àëó ì³òîõîíäð³é ñòàíîâèëî
-113,76 ìÂ ± 3,65 ìÂ, à ó êîíòðîëüí³é ãðóï³ �
-152,85 ìÂ ± 13,52 ìÂ (Ð<0,01). Âðàõîâóþ-
÷è, ùî ó ùóð³â ç ãåíåòè÷íî äåòåðì³íîâàíîþ
àðòåð³àëüíîþ ã³ïåðòåíç³ºþ ìåìáðàííèé
ïîòåíö³àë ì³òîõîíäð³é çìåíøåíèé, ìîæíà
ïðèïóñòèòè ùî ñàìå öå ìîæå çóìîâëþâàòè
çíèæåííÿ ÀÒÔ-ñèíòåçóâàëüíî¿ ¿õ çäàòíîñò³.

Îñê³ëüêè äèõàëüíèé ëàíöþã âçàºìî-
ïîâ�ÿçàíèé ç ìåìáðàííèì ïîòåíö³àëîì
ì³òîõîíäð³é [16] îäíî÷àñíî ìè äîñë³äæó-
âàëè ¿õ äèõàííÿ. Âèÿâëåíî, ùî ó ùóð³â ç³
ñïîíòàííîþ ã³ïåðòåíç³ºþ øâèäê³ñòü ñïîæè-
âàííÿ êèñíþ â ñóñïåíç³¿ ì³òîõîíäð³é ñåðöÿ
áóëà íà 60,0 % âèùîþ (ðèñ.  3) ,  í³æ â
êîíòðîëüí³é ãðóï³ (Ð<0,05).

Êð³ì òîãî, îö³íþâàëè øâèäê³ñòü ñïîæè-
âàííÿ êèñíþ â ð³çíèõ ôóíêö³îíàëüíèõ
ñòàíàõ ì³òîõîíäð³é çà ×àíñîì. Ïîêàçàíî,
ùî ó ùóð³â ç³ ñïîíòàííîþ ã³ïåðòåíç³ºþ
øâèäê³ñòü  ñïîæèâàííÿ êèñíþ ó  ñòàí³
â³äíîñíîãî ñïîêîþ V

2
 áóëà íà 62,3  %

âèùîþ, í³æ ó êîíòðîëüí³é ãðóï³ (Ð<0,001).
Òàêîæ ó íèõ áóëî äîñòîâ³ðíî çá³ëüøåíå
çíà÷åííÿ ÀÄÔ-ñòèìóëüîâàíîãî äèõàííÿ V

3

(Ð<0,05).  Öå âêàçóº íà ³íòåíñèô³êàö³þ
ïðîöåñ³â ôîñôîðèëþâàííÿ, îäíàê çá³ëü-
øåííÿ äàíîãî ïîêàçíèêà íå ñóïðîâîäæó-
âàëîñÿ ï³äâèùåííÿì åôåêòèâíîñò³ ôîñôî-

Ïîêàçíèêè äèõàííÿ ì³òîõîíäð³é ñåðöÿ ùóð³â ç³ ñïîíòàííîþ ã³ïåðòåíç³ºþ òà ùóð³â êîíòðîëüíî¿ ãðóïè â ð³çíèõ
ôóíêö³îíàëüíèõ ñòàíàõ ì³òîõîíäð³é (íìîëü Î

2
 . õâ-1 . ìã-1 á³ëêà)

Ïîêàçíèêè Êîíòðîëüíà ãðóïà Ùóðè ç³ ñïîíòàííîþ ã³ïåðòåíç³ºþ

V2 42,83 ± 2,72 69,5 ±6,16 **
V3 87,4 ± 6,01 117,2 ± 12,3*
V4 20,14 ± 2,92 30,5 ± 2,29*
Äèõàëüíèé êîíòðîëü çà ×àíñîì (V3/V4) 4,57 ± 0,34 3,48 ± 0,44*
AÄÔ/O 1,79± 0,10 1,68±0,20

*Ð <0,05; **Ð <0,001

Í.Î. Äîðîôåºâà, Þ.Â. Ãîøîâñüêà, Â.Ô. Ñàãà÷
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ðèëþâàííÿ (AÄÔ/O). Ó ùóð³â ç ãåíåòè÷íî
äåòåðì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ
çíèçèâñÿ íà 23,9 % äèõàëüíèé êîíòðîëü
(Ð<0,05), ÿêèé â³äîáðàæàº ñòóï³íü ñïðÿ-
æåííÿ ïðîöåñ³â äèõàííÿ ³ ôîñôîðèëþâàííÿ.

Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà çá³ëü-
øåííÿ ³íòåíñèâíîñò³ ïðîöåñ³â îêèñíåííÿ ³
ôîñôîðèëþâàííÿ ïðè çíèæåíí³ ñïðÿæåííÿ
öèõ ïðîöåñ³â ó ì³òîõîíäð³ÿõ ñåðöÿ òâàðèí
ç³ ñïîíòàííîþ ã³ïåðòåíç³ºþ. Íàòèâí³ êðèâ³

Ðèñ. 4. Íàòèâí³ êðèâ³ ñïîæèâàííÿ êèñíþ ó êîíòðîëüíèõ ùóð³â (1) ³ ùóð³â ç ãåíåòè÷íî äåòåðì³íîâàíîþ àðòåð³àëüíîþ
ã³ïåðòåíç³ºþ (2)
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Ðèñ. 2. Çíà÷åííÿ ìåìáðàííîãî ïîòåíö³àëó ì³òîõîíäð³é
ó ñóñïåíç³¿ ì³òîõîíäð³é ñåðöÿ: 1 � êîíòðîëüíà ãðóïà;
2 � ùóðè ç ãåíåòè÷íî äåòåðì³íîâàíîþ àðòåð³àëüíîþ
ã³ïåðòåíç³ºþ. **Ð<0,01
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Ðèñ. 3. Øâèäê³ñòü ñïîæèâàííÿ êèñíþ â ñóñïåíç³¿
ì³òîõîíäð³é ñåðöÿ: 1 � êîíòðîëüíà ãðóïà; 2 � ùóðè ç
ãåíåòè÷íî äåòåðì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ.
*Ð<0,05

0

1

140

80

120

60

100

40

20

2

í
ì

î
ë

ü
 Î

2
. õ

â
-1

. ì
ã-1

 á
³ë

êà

*



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 7

ñïîæèâàííÿ êèñíþ ó êîíòðîëüíèõ òà ùóð³â
ç ãåíåòè÷íî äåòåðì³íîâàíîþ àðòåð³àëüíîþ
ã³ïåðòåíç³ºþ ïîêàçàí³ íà ðèñ.4.

Â³äîìî, ùî ìåìáðàííèé ïîòåíö³àë ì³-
òîõîíäð³é (∆ψ

m
) ñòâîðþºòüñÿ åëåêòðîõ³-

ì³÷íèì ãðàä³ºíòîì ïðîòîí³â ïî îáèäâà áîêè
ìåìáðàíè ³ â³ä³ãðàº âàæëèâó ðîëü ó ôóíê-
ö³îíóâàíí³ êë³òèí. Â³í ôîðìóº ãîëîâíèé
êîìïîíåíò åëåêòðîõ³ì³÷íîãî ïîòåíö³àëó.
Ð³çíèöÿ åëåêòðîõ³ì³÷íèõ ïîòåíö³àë³â ïðî-
òîí³â (∆µ

H
+) º ðóø³éíîþ ñèëîþ äëÿ ðîáîòè

ÀÒÔ-ñèíòàçè, îñê³ëüêè åëåêòðîäèôóç³éíå
ïåðåíåñåííÿ ïðîòîí³â ç íàâêîëèøíüîãî
ñåðåäîâèùà â ìàòðèêñ íåîáõ³äíå äëÿ îáåð-
òàííÿ êàòàë³òè÷íî¿ ñóáîäèíèö³ F1, ³ òàêèì
÷èíîì ñèíòåçóºòüñÿ ÀÒÔ, çàáåçïå÷óþ÷è
àäåêâàòíå åíåðãîçàáåçïå÷åííÿ îðãàí³â. Çà
íàÿâíîñò³ ñóáñòðàò³â ³ êèñíþ â äèõàëüíîìó
ëàíöþç³ ì³òîõîíäð³é â³äáóâàºòüñÿ ïåðå-
íåñåííÿ åëåêòðîí³â, ÿêå â òî÷êàõ ñïðÿ-
æåííÿ ñóïðîâîäæóºòüñÿ âèòîêîì ïðîòîí³â
÷åðåç ìåìáðàíó (îäèí åëåêòðîí - îäèí
ïðîòîí) ç ìàòðèêñó â çîâí³øíº ñåðåäîâèùå.
Ö³º¿ åíåðã³¿ ( ≈ 220 ìÂ) äîñèòü äëÿ ñèíòåçó
ÀÒÔ ç ÀÄÔ ³ îðòîôîñôàòó.

Çíèæåííÿ çíà÷åííÿ ìåìáðàííîãî ïîòåí-
ö³àëó ì³òîõîíäð³é, ùî ìè çàðåºñòðóâàëè ó
ùóð³â ç ãåíåòè÷íî äåòåðì³íîâàíîþ àðòå-
ð³àëüíîþ ã³ïåðòåíç³ºþ, ìîæå ñâ³ä÷èòè ïðî
ïðèãí³÷åííÿ ó íèõ ñèíòåçó ÀÒÔ.

Öå ï³äòâåðäæóºòüñÿ äàíèìè ë³òåðàòóðè.
Â åêñïåðèìåíòàëüíèõ ðîáîòàõ ó ùóð³â ç³
ñïîíòàííîþ ã³ïåðòåíç³ºþ âñòàíîâëåíà
òåíäåíö³ÿ äî çíèæåííÿ âì³ñòó ÀÒÔ ïðè
çá³ëüøåíí³ ÀÌÔ, çìåíøåíí³ â³äíîøåííÿ
ÀÒÔ/ÀÄÔ ³ çíèæåíí³ åíåðãåòè÷íîãî çàðÿäó
â òêàíèíàõ ñåðöÿ, ïå÷³íêè, ñåëåç³íêè [8].
Êð³ì òîãî, äàí³ êë³í³÷íèõ äîñë³äæåíü ïî-
êàçóþòü çìåíøåííÿ âì³ñòó ÀÒÔ â åðèòðî-
öèòàõ õâîðèõ ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ
[4, 19], à òàêîæ êðåàòèíôîñôàòó ³ â³äíî-
øåííÿ ÀÒÔ/Ôí ó á³îïòàò³ òêàíèí ñêåëåòíèõ
ì�ÿç³â [21].

Ñåðöå º îðãàíîì äóæå ÷óòëèâèì äî
åíåðãîäåô³öèòó. Òîìó ìîæíà ïðèïóñòèòè,
ùî ì³òîõîíäð³¿ ó ùóð³â ç ãåíåòè÷íî äåòåð-
ì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåíç³ºþ âè-

ìóøåí³ ïðàöþâàòè ç á³ëüøèì íàïðóæåííÿì
äëÿ çàáåçïå÷åííÿ àäåêâàòíîãî ôóíêö³î-
íóâàííÿ ñåðöÿ. Öå ï³äòâåðäæóº âèÿâëåíå
íàìè ï³äâèùåííÿ øâèäêîñò³ ñïîæèâàííÿ
êèñíþ ó ñòàí³ V

3
 ó ùóð³â ç³ ñïîíòàííîþ

ã³ïåðòåíç³ºþ. Ïðîòå òàêå åíåðãîçàáåçïå-
÷åííÿ º ìåíø åôåêòèâíèì, îñîáëèâî ïðè
çíà÷íèõ íàâàíòàæåííÿõ ³ ñòðåñ³. Ïðè ñòðåñ³
â³äáóâàºòüñÿ ³íòåíñèô³êàö³ÿ øâèäêîñò³
ñïîæèâàííÿ êèñíþ ì³òîõîíäð³ÿìè, «ã³ïåðàê-
òèâàö³ÿ» îêèñíåííÿ ñóêöèíàòó íàòð³þ
çíà÷íî çíèæóº ðîëü ÍÀÄ-çàëåæíèõ ñóáñò-
ðàò³â ó çàãàëüíîìó ìåòàáîë³÷íîìó îêèñ-
íåíí³ [11 ]. Çã³äíî ç äàíèìè Ëóê�ÿíîâî¿ [6]
âïëèâ åêñòðåìàëüíèõ ÷èííèê³â ïðèçâîäèòü
äî ñòàíó á³îåíåðãåòè÷íî¿ ã³ïîêñ³¿. Nicholls
[19] âñòàíîâèâ, ùî ïðè çá³ëüøåíí³ øâèä-
êîñò³ ñïîæèâàííÿ êèñíþ ì³òîõîíäð³ÿìè
ìåíøå ÷àñó åëåêòðîíè çàòðèìóþòüñÿ â
êðèòè÷íèõ ä³ëÿíêàõ, â ÿêèõ ìîæëèâèé âèò³ê
ïðîòîí³â, íåîáõ³äíèé äëÿ îáåðòàííÿ êàòàë³-
òè÷íî¿ ñóáîäèíèö³ F1 ÀÒÔ-ñèíòàçè ³ ñèíòå-
çó ÀÒÔ. Íàìè âèçíà÷åíî, ùî âèõ³äí³ çíà-
÷åííÿ ïîêàçíèê³â ôóíêö³îíàëüíîãî ñòàíó
ì³òîõîíäð³é ñåðöÿ ³ñòîòíî â³äð³çíÿþòüñÿ ó
ùóð³â ç ãåíåòè÷íî äåòåðì³íîâàíîþ àðòå-
ð³àëüíîþ ã³ïåðòåíç³ºþ ³ ùóð³â êîíòðîëüíî¿
ãðóïè. Äîñòîâ³ðíå çíèæåííÿ ìåìáðàííîãî
ïîòåíö³àëó ì³òîõîíäð³é, ìîæå ïîÿñíþâàòè
çìåíøåííÿ ñèíòåçó ÀÒÔ ó ùóð³â ç³ ñïîíòàí-
íîþ ã³ïåðòåíç³ºþ. Ïðî ùî ñâ³ä÷èòü çíèæåííÿ
ñïðÿæåííÿ ïðîöåñ³â îêèñíåííÿ ³ ôîñôî-
ðèëþâàííÿ â ì³òîõîíäð³ÿõ ñåðöÿ öèõ òâàðèí.

ÂÈÑÍÎÂÊÈ

Íàìè âèÿâëåí³ îñîáëèâîñò³ ôóíêö³îíóâàííÿ
ì³òîõîíäð³é ñåðöÿ ó ùóð³â ç ãåíåòè÷íî
äåòåðì³íîâàíîþ àðòåð³àëüíîþ ã³ïåðòåí-
ç³ºþ, ÿê³ âïëèâàþòü íà åíåðãîçàáåçïå÷åííÿ
ä³ÿëüíîñò³ ñåðöÿ. Çîêðåìà, âèÿâëåíî çíè-
æåííÿ ìåìáðàííîãî ïîòåíö³àëó ì³òîõîíä-
ð³é, çá³ëüøåííÿ øâèäêîñò³ ñïîæèâàííÿ
êèñíþ, ï³äâèùåííÿ ïîêàçíèê³â V

2
 ³ V

3
, ïðè

çíèæåíí³ äèõàëüíîãî êîíòðîëþ, ÿêèé â³äîá-
ðàæàº ñòóï³íü ñïðÿæåííÿ ïðîöåñ³â îêèñíåí-
íÿ ³ ôîñôîðèëþâàííÿ.

Í.Î. Äîðîôåºâà, Þ.Â. Ãîøîâñüêà, Â.Ô. Ñàãà÷
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ÌÅÌÁÐÀÍÍÈÉ ÏÎÒÅÍÖ²ÀË Ì²ÒÎÕÎÍÄÐ²É
ÑÅÐÖß ² ØÂÈÄÊ²ÑÒÜ ÑÏÎÆÈÂÀÍÍß
ÊÈÑÍÞ Ó ÙÓÐ²Â Ç ÃÅÍÅÒÈ×ÍÎ
ÄÅÒÅÐÌ²ÍÎÂÀÍÎÞ ÀÐÒÅÐ²ÀËÜÍÎÞ
Ã²ÏÅÐÒÅÍÇ²ªÞ

Â èññëåäîâàíèÿõ íà êðûñàõ ñ ãåíåòè÷åñêè äåòåðìè-
íèðîâàííîé àðòåðèàëüíîé ãèïåðòåíçèåé è ëèíèè Âèñòàð
(êîíòðîëü) îöåíèâàëè ýôôåêòèâíîñòü ôóíêöèîíèðîâàíèÿ
ìèòîõîíäðèé ñåðäöà ïîñðåäñòâîì ñîïîñòàâëåíèÿ óðîâíÿ
ìåìáðàííîãî ïîòåíöèàëà, äûõàíèÿ è îêèñëèòåëüíîãî
ôîñôîðèëèðîâàíèÿ. Èçìåðåíèÿ ìåìáðàííîãî ïîòåíöèàëà
è ñêîðîñòè ïîòðåáëåíèÿ êèñëîðîäà â ñóñïåíçèè ìèòî-
õîíäðèé ñåðäöà îñóùåñòâëÿëè ñ ïîìîùüþ ÒPMP+-
ñåëåêòèâíîãî ýëåêòðîäà, à òàêæå ïðèáîðà �Îêñèãðàô�.
Âûÿâëåíî, ÷òî ó êðûñ ñ ãåíåòè÷åñêè äåòåðìèíèðîâàííîé
àðòåðèàëüíîé ãèïåðòåíçèåé ìåìáðàííûé ïîòåíöèàë
ìèòîõîíäðèé ñåðäöà ñîñòàâëÿë -113,76 ìÂ ± 3,65 ìÂ è áûë
äîñòîâåðíî íèæå, ÷åì ó êîíòðîëüíûõ æèâîòíûõ (-152,85
ìÂ ± 13,52 ìÂ, P<0,01), òîãäà êàê ñêîðîñòè ïîòðåáëåíèÿ
êèñëîðîäà â ñîñòîÿíèè îòíîñèòåëüíîãî ïîêîÿ V

2
, àêòèâíîãî

ñîñòîÿíèÿ îðãàíåëë V
3 

áûëè äîñòîâåðíî óâåëè÷åíû
(P<0,001). Ïðè ýòîì ó íèõ îòìå÷àëîñü ñíèæåíèå äûõà-
òåëüíîãî êîíòðîëÿ (íà 23,9 %; P<0,05), îòðàæàþùåãî
ñòåïåíü ñîïðÿæåíèÿ ïðîöåññîâ îêèñëåíèÿ è ôîñôî-
ðèëèðîâàíèÿ. Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò íà áîëåå
íàïðÿæåííóþ ðàáîòó äûõàòåëüíîé öåïè ìèòîõîíäðèé ñî
ñíèæåííîé ýíåðãîîáðàçóþùåé ôóíêöèåé ìèòîõîíäðèé
ñåðäöà æèâîòíûõ ñ ãåíåòè÷åñêè äåòåðìèíèðîâàííîé
àðòåðèàëüíîé ãèïåðòåíçèåé. Ñäåëàí âûâîä î ôóíêöèî-
íàëüíîé ñâÿçè ìåæäó îñîáåííîñòÿìè ìèòîõîíäðèàëüíîãî
ýíåðãîîáåñïå÷åíèÿ è àðòåðèàëüíîé ãèïåðòåíçèåé.
Êëþ÷åâûå ñëîâà: ìèòîõîíäðèè, ãèïåðòîíèÿ, ìåìáðàííûé
ïîòåíöèàë.

N. Dorofeyeva, Yu. Goshovska, V.F. Sagach

THE MITOCHONDRIAL MEMBRANE POTEN-
TIAL AND OXYGEN CONSUMPTION IN
SPONTANEOUSLY HYPERTENSIVE RATS

We investigated the mitochondrial membrane potential and
processes of respiration and oxidative phosphorylation in sus-
pension of cardiac mitochondria from 6 month old spontane-
ously hypertensive rats (SHR) and Wistar (as a control) male
rats. The mitochondrial membrane potential and the speed of
oxygen consumption were measured using the method de-
scribed by M.Brand (1995). Processes of respiration and oxi-
dative phosphorylation in cardiac  mitochondria were measured
using Oxygraph (Hansatech instruments, Norfolk, England).
It has been found that in SHR the mitochondrial membrane
potential was lower (-113,76mV ±3,65 mV) compared to
Wistar rats (∆ψ

m
 = -152,85 mV±13,52mV, p<0,01). In SHR,

the respiration rate in state V
2
 by Chance and V

3 
were in-

creased compared to Wistar rats (p<0,001). The respiration
control by Chance was depressed by 23,9% in SHR compared
to Wistar rats. Our data demonstrate, that SHR have some
features of functioning of cardiac mitochondria which distin-
guish them from the Wistar rats. Our data suggest a functional
link between mitochondrial energy supply and arterial hyper-
tension.
Key words: mitochondria, hypertension, membrane potential.

O.O.Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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ÓÄÊ 612.66

Î.Â. Êîðêóøêî, Â.Î. ²ùóê, Â.Á. Øàòèëî, Â.Ï. ×èæîâà

Ðåçèñòåíòí³ñòü äî ³íñóë³íó òà ô³çè÷íà ïðàöåçäàòí³ñòü
ëþäåé ñåðåäíüîãî òà ë³òíüîãî â³êó

Ó 43 ëþäåé ñåðåäíüîãî ³ ë³òíüîãî â³êó áåç îæèð³ííÿ (³íäåêñ ìàñè ò³ëà ìåíøå í³æ 30 êã/ì2)
âèâ÷åíèé çâ�ÿçîê ì³æ ³íñóë³íîðåçèñòåíòí³ñòþ (²Ð) ³ ô³çè÷íîþ ïðàöåçäàòí³ñòþ. Ïîêàçàíî, ùî
ó çäîðîâèõ ëþäåé ë³òíüîãî â³êó ²Ð àñîö³þºòüñÿ ç ïîì³ðíèì ï³äâèùåííÿì âì³ñòó ³íñóë³íó ³
íåçíà÷íèì ãëþêîçè â ïëàçì³ êðîâ³. Ó ëþäåé ñåðåäíüîãî â³êó ²Ð íå âïëèâàº íà ïîêàçíèêè ô³çè÷íî¿
ïðàöåçäàòíîñò³. Ó òîé æå ÷àñ ÿê ó ë³òí³õ ²Ð ñóïðîâîäæóºòüñÿ ¿¿ çíèæåííÿì çà ðàõóíîê ìåíø
åêîíîìíîãî ãåìîäèíàì³÷íîãî çàáåçïå÷åííÿ íàâàíòàæåííÿ ³ ñïîæèâàííÿ êèñíþ. Íèæ÷ó
òîëåðàíòí³ñòü äî ô³çè÷íîãî íàâàíòàæåííÿ ó ë³òí³õ ëþäåé áåç îæèð³ííÿ ìîæíà ðîçãëÿäàòè
íå ò³ëüêè ÿê ôàêòîð ðèçèêó ðîçâèòêó ²Ð, àëå ³ ÿê ¿¿ íàñë³äîê.
Êëþ÷îâ³ ñëîâà: ô³çè÷íà ïðàöåçäàòí³ñòü, ³íñóë³íîðåçèñòåíòí³ñòü, ñåðåäí³é â³ê, ë³òí³é â³ê.

©  Î.Â. Êîðêóøêî, Â.Î. ²ùóê, Â.Á. Øàòèëî, Â.Ï. ×èæîâà

ÂÑÒÓÏ

Çã³äíî ç äàíèìè Reaven ³ ñï³âàâò. [17],
áëèçüêî 25 % ïîïóëÿö³¿ ìîæå ìàòè ³íñóë³íî-
ðåçèñòåíòí³ñòü (²Ð). Ïîêàçàíî, ùî ðåçèñ-
òåíòí³ñòü äî ³íñóë³íó º ïðîâ³ñíèêîì ðîçâèò-
êó ìåòàáîë³÷íîãî ñèíäðîìó òà öóêðîâîãî
ä³àáåòó (ÖÄ) 2-ãî òèïó [16]. Êð³ì òîãî, íèí³
ç ²Ð ïîâ�ÿçóþòü ðîçâèòîê àðòåð³àëüíî¿
ã³ïåðòåíç³¿ (ÀÃ), ³øåì³÷íî¿ õâîðîáè ñåðöÿ
(²ÕÑ), ñèíäðîìó ïîë³ê³ñòîçíîãî ÿº÷íèêà ó
æ³íîê ³ åðåêòèëüíîþ äèñôóíêö³¿ ó ÷îëîâ³ê³â,
õâîðîáè Àëüöãåéìåðà, õðîí³÷íîãî çàïàëåí-
íÿ, îæèð³ííÿ, õðîí³÷íîãî ñòðåñó, ñòàð³ííÿ [9].

Ùå â ñåðåäèí³ ÕÕ ñòîð³÷÷ÿ â÷åí³ â³ä-
ì³òèëè, ùî ó õâîðèõ ç ²ÕÑ, ÀÃ, ÖÄ 2-ãî òèïó
ïîðóøåíà ô³ç³îëîã³÷íà ðåàêö³ÿ òêàíèí íà
âïëèâ ³íñóë³íó (ÿêùî âì³ñò ãëþêîçè â êðîâ³
âèñîêèé, òî çäîðîâèé îðãàí³çì âèðîáëÿº
äîäàòêîâó ê³ëüê³ñòü ³íñóë³íó äëÿ óòèë³çàö³¿
ãëþêîçè òêàíèíàìè). Îäíàê ó õâîðèõ, ùî
ñòðàæäàþòü íà ïåðåðàõîâàí³ âèùå çàõâî-
ðþâàííÿ, äîäàòêîâà ê³ëüê³ñòü ³íñóë³íó íå
ïðèçâîäèòü äî óòèë³çàö³¿ ãëþêîçè, ³ öåé ñòàí
ðîçãëÿäàºòüñÿ ÿê ²Ð. Çãîäîì åíäîêðèííèé
àïàðàò ï³äøëóíêîâî¿ çàëîçè âòðà÷àº çäàò-
í³ñòü êîìïåíñóâàòè ²Ð òêàíèí çà ðàõóíîê

âèêèäó ³íñóë³íó, ùî ñïðè÷èíþº ïîðóøåííÿ
òîëåðàíòíîñò³ äî âóãëåâîä³â ³ ÖÄ 2-ãî òèïó.

Âçàºìîçâ�ÿçîê ô³çè÷íî¿ àêòèâíîñò³ òà
ñìåðòíîñò³ â³ä ÖÄ 2-ãî òèïó â³äçíà÷åíî â
áàãàòüîõ äîñë³äæåííÿõ [5]. Âèâ÷åííÿ ð³çíèõ
ñïîñîá³â êîðåêö³¿ ²Ð ó äîñë³äæåíí³ DPP
ïîêàçàëî,  ùî ³íòåíñèâíà ìîäèô³êàö³ÿ
ñïîñîáó æèòòÿ (çíèæåííÿ íàäëèøêîâî¿
ìàñè, ïîì³ðíà ô³çè÷íà àêòèâí³ñòü) ïðèçâî-
äèëà äî çìåíøåííÿ ÷àñòîòè ðîçâèòêó ÖÄ
â îñ³á ç  ïîðóøåíîþ òîëåðàíòí³ñòþ äî
ãëþêîçè, ³ öåé ïîçèòèâíèé åôåêò íàáàãàòî
ïåðåâåðøóâàâ åôåêòèâí³ñòü ìåäèêàìåí-
òîçíî¿ òåðàï³¿ öóêîðçíèæóâàëüíèìè ïðåïàðà-
òàìè [15]. Á³ëüøå òîãî, çíèæåííÿ ³íäåêñó
HOMA (â³ä àíãë. homeostasis model assess-
ment � îö³íêà ãîìåîñòàòè÷íî¿ ìîäåë³) ïðè
òðèâàëèõ ô³çè÷íèõ òðåíóâàííÿõ êîðåëþº ç
ï³äâèùåííÿì ð³âíÿ ìàêñèìàëüíîãî ñïîæè-
âàííÿ êèñíþ, ùî ñâ³ä÷èòü ïðî êëþ÷îâó ðîëü
íîðìàë³çàö³¿ âóãëåâîäíîãî îáì³íó â çàáåç-
ïå÷åíí³ ô³çè÷íî¿ ïðàöåçäàòíîñò³ [12].

Ïîçèòèâíèé âïëèâ ô³çè÷íîãî íàâàí-
òàæåííÿ ïðè ïîðóøåíí³  âóãëåâîäíîãî
îáì³íó â³äîìèé äîáðå, ùî çóìîâëåíî ï³ä-
âèùåííÿì òîëåðàíòíîñò³ äî âóãëåâîä³â ï³ä
÷àñ ì�ÿçîâîãî íàâàíòàæåííÿ,  îñê³ëüêè
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îñòàííÿ çä³éñíþºòüñÿ çà ðàõóíîê åíåðã³¿
îêèñíåííÿ æèð³â ³  âóãëåâîä³â.  Ô³çè÷í³
íàâàíòàæåííÿ àêòèâó þòü ô³ç ³îëîã ³÷í³
ìåõàí³çìè, ÿê³ ñïðèÿþòü ñòèìóëþâàëüíèì
ðåãóëÿòîðíèì âïëèâàì êîðè ãîëîâíîãî
ìîçêó íà âñ³ ñèñòåìè îðãàí³çìó. Ó çäîðîâèõ
ëþäåé áåç ²Ð âîíè ï³äâèùóþòü ìàêñè-
ìàëüíå ñïîæèâàííÿ êèñíþ, çíèæóþòü âì³ñò
òðèãë³öåðèä³â ó ñèðîâàòö³ êðîâ³ ³ ñåêðåö³þ
³íñóë³íó ó â³äïîâ³äü íà ïðèéîì ãëþêîçè.
×èñëåííèìè äîñë³äæåííÿìè âñòàíîâëåíî,
ùî ó õâîðèõ íà ÖÄ ïðè ô³çè÷í³é ðîáîò³
ï³äâèùóºòüñÿ çâ�ÿçóâàííÿ ³íñóë³íó åðèòðî-
öèòàìè, çá³ëüøóºòüñÿ àô³íí³ñòü ³íñóë³íîâèõ
ðåöåïòîð³â ìîíîöèò³â, ïîë³ïøóºòüñÿ ìåòà-
áîë³çì, çíèæóþòüñÿ ãë³êåì³ÿ, âì³ñò êåòî-
íîâèõ ò³ë, ñêîðî÷óºòüñÿ ïîòðåáà â ³íñóë³í³,
ùî ñâ³ä÷èòü ïðî çìåíøåííÿ ²Ð [18].

Ïðè ô³çè÷íîìó íàâàíòàæåíí³ çá³ëü-
øóºòüñÿ ñïîæèâàííÿ ãëþêîçè ïðàöþþ÷èìè
ì�ÿçàìè ìàéæå â 20 ðàç³â ïîð³âíÿíî ç
ïåð³îäîì ñïîêîþ. Á³ëüø³ñòü äîñë³äíèê³â
ðîçä³ëÿþòü òî÷êó çîðó, â³äïîâ³äíî äî ÿêîãî
îñíîâíà ðîëü ó çàñâîºíí³ ãëþêîçè ïðàöþ-
þ÷èìè ì�ÿçàìè íàëåæèòü ³íñóë³íîâ³, àëå
åôåêòèâí³ñòü îñòàííüîãî çàëåæèòü â³ä ãë³-
êîãåíîë³çó òà øâèäêîñò³ îêèñíåííÿ æèðíèõ
êèñëîò ó ì�ÿçàõ. Êàòåõîëàì³íè ðåãóëþþòü
îáèäâà ïðîöåñè, ïðè÷îìó íåâåëèêå ï³äâè-
ùåííÿ ¿õíüîãî âì³ñòó ïîë³ïøóº ïðîöåñè
ïîãëèíàííÿ ãëþêîçè ì�ÿçàìè, òîä³ ÿê ¿õ
âèêèä ó âåëèê³é ê³ëüêîñò³ ïðèãí³÷óº ¿õ.

Ó çäîðîâèõ ëþäåé ó ïåð³îä ïîì³ðíîãî
ô³çè÷íîãî íàâàíòàæåííÿ ñïîñòåð³ãàºòüñÿ
íåãàòèâíèé çâîðîòíèé çâ�ÿçîê ì³æ óòâîðåí-
íÿì ãëþêîçè ïå÷³íêîþ ³ âì³ñòîì ¿¿ â êðîâ³.
Ó õâîðèõ íà ÖÄ 2-ãî òèïó ö³ âçàºìèíè
ïîðóøåí³. Óòèë³çàö³ÿ ãëþêîçè â íèõ ó ïåð³îä
ô³çè÷íîãî íàâàíòàæåííÿ çíèæåíà (àëå
â³ðîã³äíî íå â³äð³çíÿëàñÿ â³ä çäîðîâèõ), òîä³
ÿê ¿¿ óòâîðåííÿ ïå÷³íêîþ çíèæåíî çíà÷íî.
Ö³ çì³íè ïîÿñíþþòüñÿ àâòîðîì ïîðóøåííÿì
ãëþêîðåãóëÿòîðíîãî ïîçàïàíêðåàòè÷íîãî
ìåõàí³çìó [11].

Çì³íè îáì³íó ðå÷îâèí ³ ñåêðåö³ÿ ãîðìî-
í³â, ùî ðåãóëþþòü ï³äòðèìêó åíåðãåòè÷-
íîãî ãîìåîñòàçó â îðãàí³çì³, íåîäíàêîâ³ ïðè

êîðîòêî÷àñíîìó ³ òðèâàëîìó ô³çè÷íîìó
íàâàíòàæåíí³.  Ó ïåðø³ 5�10 õâ íàâàí-
òàæåííÿ äæåðåëîì åíåðã³¿ º ãë³êîãåí ì�ÿç³â,
àëå  éîãî çàïàñè íåçíà÷í³  ïîð³âíÿíî ç
æèðîâîþ òêàíèíîþ.  Ïðè ïîäàëüøîìó
ô³çè÷íîìó íàâàíòàæåíí³ îðãàí³çì ïåðåõî-
äèòü íà åíåðãîçàáåçïå÷åííÿ âíàñë³äîê
îêèñíåííÿ æèð³â, ùî ñóïðîâîäæóºòüñÿ
ï³äâèùåííÿì âì³ñòó â³ëüíèõ æèðíèõ êèñëîò
(ÂÆÊ) ó êðîâ³. Ïðè öüîìó ï³äâèùóþòüñÿ
àêòèâí³ñòü ë³ïîïðîòå¿íîâî¿ ë³ïàçè â ì�ÿçàõ,
êîíöåíòðàö³ÿ äîâãîëàíöþãîâî¿ àöåòèë-ÊîÀ,
ùî ³íã³áóº àêòèâí³ñòü ï³ðóâàòäåã³äðîãåíàçè,
³ çíèæóºòüñÿ îêèñíåííÿ ãëþêîçè, à òàêîæ
àêòèâí³ñòü ìàëîí³ë-ÊîÀ. Öå ñïðèÿº ï³äâè-
ùåííþ îêèñíåííÿ æèðíèõ êèñëîò. Ïîðÿä ç³
çíèæåííÿì óòèë³çàö³¿ ãëþêîçè ðîçâèâàºòüñÿ
âèðàæåíà ²Ð ³ ï³äâèùóºòüñÿ àêòèâí³ñòü
ãë ³êîãåíñèíòàçè  ò à  â ³äíîâëþº  çàïàñè
ãë³êîãåíó â ì�ÿçàõ, êîòðèé áóâ ìàéæå ö³ëêîì
âèòðà÷åíèé ó ïåðøèé ïåð³îä ô³çè÷íîãî
íàâàíòàæåííÿ.  Çà ðàõóíîê öüîãî âì³ñò
ãëþêîçè â êðîâ³, íåçâàæàþ÷è íà ¿¿ ï³äâèùåíó
óòèë³çàö³þ íà ïåðèôåð³¿, íà ïî÷àòêó íàâàí-
òàæåííÿ ïðàêòè÷íî íå çì³íþºòüñÿ. Äàë³ â³í
çíèæóºòüñÿ. Ó ïðàêòè÷íî çäîðîâèõ ëþäåé
÷åðåç 2�3 ãîä ³íòåíñèâíî¿ ðîáîòè ³ ïðè
â³äñóòíîñò³ âæèâàííÿ ¿æ³ ðîçâèâàºòüñÿ
ã³ïîãë³êåì³ÿ. Òðèâàëå ô³çè÷íå íàâàíòàæåííÿ
(ïîíàä 1�2 ãîä) ñóïðîâîäæóºòüñÿ çíèæåí-
íÿì âì³ñò ³íñóë³íó ³ òåñòîñòåðîíó â ñèðî-
âàòö³ êðîâ³, ïîì³ðíèì çá³ëüøåííÿì êîíöåíò-
ðàö³¿ ãëþêàãîíó, êàòåõîëàì³íîâ, êîðòèçîëó,
ïðîëàêòèíó, òèðåîòðîïíîãî ãîðìîíó ³ çíà÷-
íèì çá³ëüøåííÿì âì³ñòó ñîìàòîòðîïíîãî
ãîðìîíó.

Çíèæåííÿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ ïðè
îæèð³íí³ â îñ³á ç ³ áåç ²Ð â³äçíà÷åíî ðàí³øå
[14]. Ç ³íøîãî áîêó, öåé ïðîöåñ àñîö³þºòüñÿ
ç ïåðåä÷àñíèì ñòàð³ííÿì ³ ï³äâèùåíèì
ðèçèêîì ðîçâèòêó ñåðöåâî-ñóäèííî¿ ïàòî-
ëîã³ ¿  [2] .  Ñë³ä çàçíà÷èòè,  ùî â ëþäåé
ìîëîäîãî ³ ñåðåäíüîãî â³êó áåç îæèð³ííÿ ²Ð
íå ïðèçâîäèòü äî ³ñòîòíîãî çíèæåííÿ
òîëåðàíòíîñò³ äî ô³çè÷íîãî íàâàíòàæåííÿ
[3]. Çì³íè æ ïàðàìåòð³â ô³çè÷íî¿ ïðàöå-
çäàòíîñò³ â ëþäåé ë³òíüîãî â³êó áåç îæè-

Î.Â. Êîðêóøêî, Â.Î. ²ùóê, Â.Á. Øàòèëî, Â.Ï. ×èæîâà
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ð³ííÿ, àëå ç íàÿâí³ñòþ ²Ð ïðàêòè÷íî íå
âèâ÷åíà.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëà ïîð³â-
íÿëüíà îö³íêà âïëèâó ñòàíó ²Ð íà ð³âåíü
ô³çè÷íî¿ ïðàöåçäàòíîñò³ â çäîðîâèõ ëþäåé
ñåðåäíüîãî ³ ë³òíüîãî â³êó.

ÌÅÒÎÄÈÊÀ

Îáñòåæåíî 65 ëþäåé â³êîì â³ä 20 äî 80
ðîê³â. Íà ï³äñòàâ³ àíàìíåçó é îá�ºêòèâíîãî
îáñòåæåííÿ, ó òîìó ÷èñë³ ëàáîðàòîðíî-
³íñòðóìåíòàëüíîãî, ó íèõ áóëà âèêëþ÷åíà
ïàòîëîã³ÿ ñåðöåâî-ñóäèííî¿, äèõàëüíî¿,
åíäîêðèííî¿, ñå÷îâèâ³äíî¿ ³ íåðâîâî¿ ñèñ-
òåì. Ó äîñë³äæåííÿ íå âêëþ÷àëè ëþäåé ç
³íäåêñîì ìàñè ò³ëà (²ÌÒ) ïîíàä 30 êã/ì 2

(òîáòî ç îæèð³ííÿì) ³ ùî ìàþòü ìåòàáî-
ë³÷íèé ñèíäðîì çà ATP-III (â³ä àíãë. Adult
Treatment Panel) [4, 7]. Äëÿ âèçíà÷åííÿ
ð³âíÿ ô³çè÷íî¿ ïðàöåçäàòíîñò³, à òàêîæ äëÿ
âèêëþ÷åííÿ ïàòîëîã³¿ ñåðöåâî-ñóäèííî¿
ñèñòåìè óñ ³ì ó÷àñíèêàì äîñë³äæåííÿ
ïðîâîäèëè òåñò ³ç ô³çè÷íèì íàâàíòàæåííÿì
íà âåëîåðãîìåòð³ (çà ïðîòîêîëîì ÂÎÎÇ 25)
äî äîñÿãíåííÿ ñóáìàêñèìàëüíî¿ ÷àñòîòè
ñåðöåâèõ ñêîðî÷åíü (×ÑÑ) ç  àíàë³çîì
âì³ñòó ãàç³â ó âäèõóâàíîìó ³ âèäèõóâàíîìó
ïîâ³òð³ àïàðàòîì «Oxycon-4» (Í³äåðëàíäè)
äëÿ âèçíà÷åííÿ ñïîæèâàííÿ êèñíþ ï³ä ÷àñ
íàâàíòàæåííÿ. Çà îòðèìàíèìè íà ñóáìàê-
ñèìàëüíîìó íàâàíòàæåíí³ ðåçóëüòàòàìè çà
ôîðìóëîþ Äîáåëüíà ðîçðàõîâóâàëè ìàêñè-
ìàëüíå ñïîæèâàííÿ êèñíþ [19]:

äå ÌÑÊ - ìàêñèìàëüíå ñïîæèâàííÿ êèñíþ,
ë/õâ; Nk - ïîòóæí³ñòü íà îñòàííüîãî ð³âíÿ
íàâàíòàæåííÿ (÷àñ âèêîíàííÿ ð³âíÿ íå ìåí-
øå í³æ 2 õâ), êãì/õâ; F - ìàêñèìàëüíà ×ÑÑ
íà âèñîò³ ïðîáè, õâ-1; À - â³ê, ðîêè; e -åêñ-
ïîíåíòíà ôóíêö³ÿ ÷èñëà.

Ä³àãíîñòèêà ðåçèñòåíòíîñò³ äî ³íñóë³íó
´ðóíòóâàëàñÿ íà âèçíà÷åíí³ ³íäåêñó HOMA
çà çàãàëüíîâèçíàíîþ ìåòîäèêîþ [13]. Äî
²Ð â³äíîñèëè ïàö³ºíò³â ç ³íäåêñîì HOMA
á³ëüø í³æ 2,77. Êîíöåíòðàö³þ ãëþêîçè â

ö³ëüí³é êðîâ³  âèçíà÷àëè ãëþêîìåòðîì
(«Accu-Chek Go», Øâåéöàð³ÿ) ç ïåðåðà-
õóâàííÿì íà òàêó â ïëàçì³ êðîâ³ (êîåô³ö³ºíò
1,11) [6]. Âì³ñò ³íñóë³íó â ïëàçì³ êðîâ³
âèçíà÷àëè ³ìóíîðàä³îìåòðè÷íèì ìåòîäîì
íàáîðîì Insulin(e) IRMA Ê²Ò ô³ðìè «Immu-
notech» (×åñüêà Ðåñïóáë³êà) çà äîïîìîãîþ
γ-ë³÷èëüíèêà äëÿ âèì³ðó àêòèâíîñò³ 125². Íà
åòàï³ ñêðèí³íãó â 22 ìîëîäèõ ëþäåé íå áóëî
âèïàäê³â ²Ð. Ó ãðóïó ñåðåäíüîãî â³êó (â³ä
40 äî 64 ðîê³â) âêëþ÷åí³ 22 ÷îëîâ³êà (ïî 11
îñ³á ç ³ áåç ²Ð), ãðóïà ëþäåé ë³òíüîãî â³êó
(â ³ä  65  äî  79  ðîê ³â )  ñêëàäàëàñÿ  ç  21
÷îëîâ³êà, ç íèõ 8 ç ²Ð ³ 13 áåç ²Ð.

Ðåçóëüòàòè ïðåäñòàâëåí³ ó âèä³ ñåðåä-
íüî¿ ± ïîìèëêà ñåðåäíüî¿. Ñòàòèñòè÷íó
îáðîáêó ìàòåð³àëó ïðîâîäèëè çà äîïî-
ìîãîþ ïðîãðàìè Statistica 6.0.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

ßê âèïëèâàº ç òàáë. 1, ãðóïè ëþäåé ë³òíüîãî
â³êó â³ðîã³äíî íå â³äð³çíÿëèñÿ çà îñíîâíèìè
àíòðîïîìåòðè÷íèìè ïîêàçíèêàìè. Ñë³ä
â³äì³òèòè, ùî ²ÌÒ ó ëþäåé ñåðåäíüîãî â³êó
ç ²Ð ³ áåç íå¿ ïðàêòè÷íî áóâ îäíàêîâèì.
Õî÷à â ëþäåé ç ²Ð (ÿê ñåðåäíüîãî â³êó, òàê
³ â ë³òí³õ) â³äçíà÷àëàñÿ òåíäåíö³ÿ äî éîãî
ï³äâèùåííÿ. Öþ çàëåæí³ñòü ï³äòâåðäæóþòü
ðåçóëüòàòè êîðåëÿö³éíîãî àíàë³çó ì³æ
³íäåêñîì HOMA ³ ²ÌÒ (r=0,37, Ð<0,05).
Äîñòîâ³ðíå çá³ëüøåííÿ âì³ñòó ãëþêîçè
ïëàçìè êðîâ³ (íàòùå) â³äçíà÷åíî â ëþäåé
ñåðåäíüîãî â³êó ç ²Ð, õî÷à éîãî çíà÷åííÿ íå
ïåðåâèùóâàëî ô³ç³îëîã³÷íó íîðìó. Ó ëþäåé
ç ²Ð ë³òíüîãî â³êó ïîð³âíÿíî ç îñîáàìè
ñåðåäíüîãî â³êó ñïîñòåð³ãàëàñÿ á³ëüø
âèñîêà êîíöåíòðàö³ÿ ³íñóë³íó. Öå ìîæå
ñâ³ä÷èòè ïðî òå, ùî â³êîâ³ çì³íè ïðèçâîäÿòü
äî ã³ïåð³íñóë³íåì³¿  ÿê êîìïåíñàòîðíî¿
ðåàêö³¿ íà çíèæåííÿ ÷óòëèâîñò³ òêàíèí äî
ãîðìîíó. Â³ðîã³äíî á³ëüø íèçüêå ðîçðà-
õóíêîâå ÌÑÊ ó ëþäåé ïîõèëîãî â³êó ç ²Ð
ï³äòâåðäæóº çíèæåííÿ â íèõ ô³çè÷íî¿
ïðàöåçäàòíîñò³. Ó ãðóï³ ëþäåé ñåðåäíüîãî
â³êó ç ²Ð àáñîëþòíå çíà÷åííÿ ïîòóæíîñò³
ñóáìàêñèìàëüíîãî ô³çè÷íîãî íàâàíòàæåííÿ

Ðåçèñòåíòí³ñòü äî ³íñóë³íó òà ô³çè÷íà ïðàöåçäàòí³ñòü

,
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íå â³äð³çíÿëîñÿ â³ä òàêîãî ó ëþäåé áåç ²Ð
ö³º¿ ñàìî¿ â³êîâî¿ ãðóïè, àëå ïðè ðîçðàõóíêó
ïîêàçíèêà ç óðàõóâàííÿì ìàñè ò³ëà âèçíà-
÷åíà òåíäåíö³ÿ äî ¿¿ çíèæåííÿ, ÿê ³ á³ëüø
íèçüêå ðîçðàõóíêîâå ÌÑÊ.

Çíèæåííÿ ô³çè÷íî¿ ïðàöåçäàòíîñò³ ïðè
ôîðìóâàíí³ ìåòàáîë³÷íîãî ñèíäðîìó ïîêà-
çàíî â  äåê³ëüêîõ äîñë³äæåííÿõ [3,  5] .
Ïîðóøåííÿ ÷óòëèâîñò³ ì�ÿçîâî¿ òêàíèíè äî
³íñóë³íó ñïðè÷èíþº çìåíøåííÿ ñïîæèâàííÿ
ãëþêîçè ï³ä ÷àñ ô³çè÷íîãî íàâàíòàæåííÿ,
ïîã³ðøåííÿ ¿¿ åíåðãåòè÷íîãî çàáåçïå÷åííÿ
³ á³ëüø øâèäêî¿ âòîìè [1, 8, 14]. Â³êîâ³ çì³íè
ìåòàáîë³çìó âïëèâàþòü íà åíåðãåòè÷íå
çàáåçïå÷åííÿ ô³çè÷íîãî íàâàíòàæåííÿ.
Ðàí³øå íàìè áóëî ïîêàçàíî [1], ùî êîðîòêî-
÷àñíå ³íòåíñèâíå íàâàíòàæåííÿ âèêëèêàº
á³ëüø çíà÷íå çíèæåííÿ êîíöåíòðàö³¿ ãëþ-
êîçè â êðîâ³ â ë³òíüîìó â³ö³ ïîð³âíÿíî ç
ìîëîäèìè. Öèì ïîÿñíþºòüñÿ ðîçâèòîê
âòîìè ³ â³äìîâà â³ä ïîäàëüøîãî âèêîíàííÿ
íàâàíòàæåííÿ ëþäüìè ë³òíüîãî â³êó. Äî

òîãî æ ï³ñëÿ ³íòåíñèâíîãî ô³çè÷íîãî íàâàí-
òàæåííÿ ó íèõ ó ïåð³îä â³äíîâëåííÿ ñïîâ³ëü-
íåíà íîðìàë³çàö³ÿ êîíöåíòðàö³¿ ãëþêîçè ³
ÂÆÊ ó êðîâ³ [1]. Êð³ì òîãî, â îñ³á ç ²Ð ïðè
ô³çè÷íîìó íàâàíòàæåíí³ çíèæóºòüñÿ åêîíî-
ì³÷í³ñòü ôóíêö³îíóâàííÿ ñåðöåâî-ñóäèííî¿
ñèñòåìè, ùî ïîâ�ÿçàíî ç àêòèâàö³ºþ ñèìïà-
òè÷íî¿ íåðâîâî¿ ñèñòåìè [10]. Íàìè ïîêà-
çàíî, ùî íàâ³òü çà â³äñóòíîñò³ îæèð³ííÿ ²Ð
ìîæå âïëèâàòè íà ô³çè÷íó ïðàöåçäàòí³ñòü.
Îäíàê ó ñåðåäíüîìó â³ö³ öåé âïëèâ ìåíø
âèðàæåíèé,  ÷èì ó ë³òíüîìó (òàáë.  1) .
Ïðè÷èíîþ â³êîâèõ â³äì³ííîñòåé º ìåíø
åêîíîì³÷íà ðîáîòà ñåðöåâî-ñóäèííî¿ ñèñòå-
ìè ó ë³òí³õ ëþäåé ç ²Ð ïðè ô³çè÷íîìó íà-
âàíòàæåíí³. Òàê, íà 2-é õâèëèí³ äîçîâàíîãî
íàâàíòàæåííÿ ïîòóæí³ñòþ 50 Âò ó íèõ
çíà÷íî ï³äâèùóºòüñÿ ×ÑÑ ïîð³âíÿíî ç
àíàëîã³÷íîþ â³êîâîþ ãðóïîþ ëþäåé áåç ²Ð,
à òàêîæ ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ äî á³ëüø
âèñîêîãî ñïîæèâàííÿ êèñíþ (òàáë.  2) .
Ðåàêö³ÿ àðòåð³àëüíîãî òèñêó íà òàêå íàâàí-

Òàáëèöÿ 1. Õàðàêòåðèñòèêà ãðóï îáñòåæåíèõ çäîðîâèõ ëþäåé

Ïîêàçíèêè
Áåç ³íñóë³íîðåçèñòåíòíîñò³

(n=22)
Ç ³íñóë³íîðåçèñòåíòí³ñòþ

(n=21)
ñðåäí³é â³ê

(n=11)
ë³òí³é â³ê

(n=11)
ñðåäí³é â³ê

(n=13)
ë³òí³é â³ê

(n=8)

Â³ê, ðîêè 55,7±2,1 72,7±1,6 57,0±2,5 70,7±0,9
Çð³ñò, ñì 167,3±2,3 168,0±1,9 172,2±3,0 163,4±2,6***
Ìàñà, êã 72,4±4,2 76,2±2,6 85,1±5,2* 78,6±5,8
²íäåêñ ìàñè ò³ëà, êã/ì2 25,9±1,5 27,0±0,8 28,1±1,2 28,6±1,1
Îáõâàò, ñì
   òàë³¿ 84,3±3,7 93,8±2,7 95,9±5,9* 94,5±5,5
   ñòåãîí 98,8±3,8 105,8±1,8 105,6±3,9 109,2±4,5
²íñóë³í, ìêÌÎ/ìë 6,1±0,9 6,1±0,7 16,5±1,6* 22,5±4,8**
Ãëþêîçà ïëàçìè êðîâ³, ììîëü/ë 6,1±0,2 6,0±0,1 6,8±0,3* 6,3±0,1
²íäåêñ HOMA 1,7±0,3 1,6±0,2 5,0±0,7* 6,2±1,3**
Ïîòóæí³ñòü ñóáìàêñèìàëüíîãî
íàâàíòàæåííÿ, Âò 133,3±10,2 116,7±11,2 130,6±11,6 82,1±11,9**,***
Ïîòóæí³ñòü ñóáìàêñèìàëüíîãî
íàâàíòàæåííÿ â ïåðåðàõóíêó
íà ìàñó ò³ëà, Âò/êã 1,9±0,2 1,5±0,1 1,7±0,1 1,1±0,1**,***
Ìàêñèìàëüíå ñïîæèâàííÿ êèñíþ
çà ôîðìóëîþ Äîáåëüíà, ìë . õâ-1 . êã-1 32,3±2,7 27,3±1,8 28,0±3,1 22,9±2,1***

Ïðèì³òêè. Òóò ³ â òàáë. 2: Ð < 0,05 * ïîð³âíÿíî ç ãðóïîþ ñåðåäíüîãî â³êó áåç ³íñóë³íîðåçèñòåíòíîñò³,
** ïîð³âíÿíî ç ãðóïîþ ë³òíüîãî â³êó áåç ³íñóë³íîðåçèñòåíòíîñò³, *** ïîð³âíÿíî ç ãðóïîþ ñåðåäíüîãî
â³êó ç ³íñóë³íîðåçèñòåíòí³ñòþ.

Î.Â. Êîðêóøêî, Â.Î. ²ùóê, Â.Á. Øàòèëî, Â.Ï. ×èæîâà
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òàæåííÿ ì³æ ãðóïàìè äîñòîâ³ðíî íå â³äð³ç-
íÿëàñÿ. Çíèæåíó åêîíîì³÷í³ñòü ãåìîäè-
íàì³÷íîãî çàáåçïå÷åííÿ ô³çè÷íîãî íàâàí-
òàæåííÿ â ëþäåé ë³òíüîãî â³êó ç ²Ð ï³ä-
òâåðäæóþòü ïîêàçíèêè, çàðåºñòðîâàí³ íà
ñóáìàêñèìàëüíîìó ô³çè÷íîìó íàâàí-
òàæåíí³. Òàê, ïðè îäíàêîâèõ ïîêàçíèêàõ
ãåìîäèíàì³êè â îáñòåæåíèõ ç ²Ð á³ëüø
íèçüêà  ïîòóæí³ñòü  ñóáìàêñèìàëüíîãî
ô³çè÷íîãî íàâàíòàæåííÿ.

ÂÈÑÍÎÂÊÈ

1. ²Ð ó ë³òíüîìó â³ö³ ùîäî ñåðåäíüîãî
õàðàêòåðèçóºòüñÿ á³ëüø âèñîêîþ êîíöåíò-
ðàö³ºþ ³íñóë³íó â ïëàçì³ êðîâ³, âçÿòî¿ íàòùå.

2. Ó ëþäåé ñåðåäíüîãî â³êó íàÿâí³ñòü
²Ð ïðè â³äñóòíîñò³ îæèð³ííÿ ³ ìåòàáîë³÷íîãî
ñèíäðîìó íå ìàº äîñòîâ³ðíîãî âïëèâó íà
ô³çè÷íó ïðàöåçäàòí³ñòü òà ¿¿ ãåìîäèíàì³÷íå
çàáåçïå÷åííÿ.

3. Ó îñ³á ïîõèëîãî â³êó áåç îæèð³ííÿ,
àëå ç ²Ð çíèæóºòüñÿ ïîòóæí³ñòü ñóáìàêñè-
ìàëüíîãî ô³çè÷íîãî íàâàíòàæåííÿ òà çá³ëü-

øóºòüñÿ ðåàêö³ÿ ñåðöåâî-ñóäèííî¿ ñèñòåìè
íà ô³çè÷íèé ñòðåñ.

Î. Â. Êîðêóøêî, À. Èùóê, Â. Á. Øàòèëî,
Â. Ï. ×èæîâà

ÂËÈßÍÈÅ ÍÀÐÓØÅÍÍÎÉ
ÐÅÇÈÑÒÅÍÒÍÎÑÒÈ Ê ÈÍÑÓËÈÍÓ
ÍÀ ÔÈÇÈ×ÅÑÊÓÞ
ÐÀÁÎÒÎÑÏÎÑÎÁÍÎÑÒÜ ËÞÄÅÉ
ÑÐÅÄÍÅÃÎ È ÏÎÆÈËÎÃÎ ÂÎÇÐÀÑÒÀ

Ó 43 ëþäåé ñðåäíåãî è ïîæèëîãî âîçðàñòà áåç îæèðåíèÿ
(èíäåêñ ìàññû òåëà ìåíåå 30 êã/ì2) èçó÷åíà ñâÿçü ìåæäó
èíñóëèíîðåçèñòåíòíîñòüþ (ÈÐ) è ôèçè÷åñêîé ðàáîòî-
ñïîñîáíîñòüþ. Ïîêàçàíî, ÷òî ó çäîðîâûõ ëþäåé ïîæèëîãî
âîçðàñòà ÈP àññîöèèðóåòñÿ ñ óìåðåííûì ïîâûøåíèåì
ñîäåðæàíèÿ èíñóëèíà è íåçíà÷èòåëüíûì ðîñòîì ñîäåð-
æàíèÿ ãëþêîçû â ïëàçìå êðîâè. Ó ëþäåé ñðåäíåãî âîçðàñòà
ÈP íå âëèÿåò íà ôèçè÷åñêóþ ðàáîòîñïîñîáíîñòü. Â òî
âðåìÿ êàê ó ïîæèëûõ ÈP ñîïðîâîæäàåòñÿ åå ñíèæåíèåì çà
ñ÷åò ìåíåå ýêîíîìíîãî ãåìîäèíàìè÷åñêîãî îáåñïå÷åíèÿ
íàãðóçêè è ïîòðåáëåíèÿ êèñëîðîäà. Íèçêóþ òîëåðàíòíîñòü
ê ôèçè÷åñêîé íàãðóçêå ó ïîæèëûõ ëþäåé áåç îæèðåíèÿ
ìîæíî ðàññìàòðèâàòü íå òîëüêî êàê ôàêòîð ðèñêà ðàçâèòèÿ
ÈÐ, íî è êàê åå ñëåäñòâèå.
Êëþ÷åâûå ñëîâà: ôèçè÷åñêàÿ ðàáîòîñïîñîáíîñòü, èíñóëè-
íîðåçèñòåíòíîñòü, ñðåäíèé âîçðàñò, ïîæèëîé âîçðàñò.

Äî ïðîâåäåííÿ ïðîáè â ñòàí³ ñïîêîþ
Àðòåð³àëüíèé òèñê, ìì ðò. ñò.
  ñèñòîë³÷íèé 128,2±4,9 126,2±3,6 132,6±5,0 126,6±3,1
  ä³àñòîë³÷íèé 73,2±2,4 75,8±1,5 83,8±2,9 78,7±2,9
×àñòîòà ñåðöåâèõ ñêîðî÷åíü, õâ-1 70,0±3,2 73,8±3,4 68,6±2,6 76,4±2,3
Ñïîæèâàííÿ êèñíþ, ìë . êã-1 . õâ-1 5,2±0,28 4,9±0,23 5,0±0,25 4,3±0,21***

Íàâàòàæåííÿ 50 Âò, 2 õâ
Àðòåð³àëüíèé òèñê, ìì ðò. ñò.
   ñèñòîë³÷íèé 150,2±7,6 151,0±5,0 157,8±8,9 157,9±6,3
   ä³àñòîë³÷íèé 90,0±4,7 84,0±1,7 92,9±3,8 89,1±3,2
×àñòîòà ñåðöåâèõ ñêîðî÷åíü, õâ-1 97,8±2,8 97,3±9,6 96,7±4,2 111,9±5,5**,***
Ñïîæèâàííÿ êèñíþ, ìë . êã-1 . õâ-1 13,9±0,8 14,4±0,7 12,9±0,9 15,5±0,6***

Ñóáìàêñèìàëüíå íàâàíòàæåííÿ
Àðòåð³àëüíèé òèñê, ìì ðò. ñò.
   ñèñòîë³÷íèé 182,5±7,6 183,2±8,3 187,0±9,0 177,6±3,8
   ä³àñòîë³÷íèé 83,0±5,5 81,7±3,0 90,9±3,5 86,7±3,8
×àñòîòà ñåðöåâèõ ñêîðî÷åíü, õâ-1 149,6±5,4 133,6±5,2* 144,0±5,1 132,4±5,4***
Ñïîæèâàííÿ êèñíþ, ìë . êã-1 . õâ-1 29,3±1,2 24,0±0,8* 23,2±0,8* 20,4±0,7**,***

Òàáëèöÿ 2. Ïîêàçíèêè ãåìîäèíàì³êè ó çäîðîâèõ ëþäåé ïðè âèêîíàíí³ ïðîáè ç ô³çè÷íèì íàâàíòàæåííÿì

Ïîêàçíèêè
Áåç ³íñóë³íîðåçèñòåíòíîñò³

(n=22)
Ç ³íñóë³íîðåçèñòåíòí³ñòþ

(n=21)
ñðåäí³é â³ê

(n=11)
ë³òí³é â³ê

(n=11)
ñðåäí³é â³ê

(n=13)
ë³òí³é â³ê

(n=8)

Ðåçèñòåíòí³ñòü äî ³íñóë³íó òà ô³çè÷íà ïðàöåçäàòí³ñòü
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O. V. Korkushko, V. A. Ishchuk, V. B. Shatilo,
V. P. Chizhova

EFFECT OF ALTERED INSULIN RESISTANCE
ON PHYSICAL PERFORMANCE IN MIDDLE
AGE  AND ELDERLY PEOPLE

In 43 middle age and elderly people without obesity (body
mass index of less than 30 kg/m2) we studied the relationship
between insulin resistance (IR) and physical performance. It
is shown that in healthy elderly IR is associated with a moder-
ate increase of insulin and a small increase in the level of glu-
cose in the blood plasma. In the middle age people, IR has no
effect on physical performance. IR in the elderly people is
accompanied by the decrease in physical performance due to
less economical for hemodynamic load and oxygen consump-
tion. A lower exercise tolerance in elderly people without obe-
sity can be considered not only as a risk factor for insulin
resistance, but also as its consequence.
Key words: physical performance, insulin resistance, middle
age, elderly.
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×àñòîòà àëåëüíèõ âàð³àíò³â ãåíà ìàòðèêñíîãî Gla-
ïðîòå¿íó ó õâîðèõ ç ãîñòðèì êîðîíàðíèì ñèíäðîìîì

Íàâåäåíî ðåçóëüòàòè âèçíà÷åííÿ ÷àñòîòè àëåëüíèõ âàð³àíò³â ãåíà ìàòðèêñíîãî-Gla-ïðîòå¿íó
(MGP), ùî º îäíèì ç êëþ÷îâèõ á³ëê³â-ðåãóëÿòîð³â êàëüöèô³êàö³¿, ó 115 õâîðèõ ç ãîñòðèì
êîðîíàðíèì ñèíäðîìîì (ÃÊÑ) ³ 110 çäîðîâèõ ëþäåé (êîíòðîëüíà ãðóïà). Âñòàíîâëåíî, ùî
ñï³ââ³äíîøåííÿ íîðìàëüíèõ ãîìîçèãîò, ãåòåðîçèãîò ³ ãîìîçèãîò ³ç ì³íîðíèì àëåëåì ïðè àíàë³ç³
T-138→Ñ-ïîë³ìîðô³çìó ïðîìîòîðó ãåíà MGP ó õâîðèõ íà ÃÊÑ ñòàíîâèòü: 59,8, 32,7, 7,5 % (ó
êîíòðîë³ � 58,7, 36,7, 4,6%, P > 0,05); ïðè àíàë³ç³ G-7→A-ïîë³ìîðô³çìó ïðîìîòîðó � 42,1, 45,6
³ 12,3 % òà 41,8, 54,5, 3,6 % â³äïîâ³äíî (P < 0,05 çà χ2-êðèòåð³ºì); à ïðè âèçíà÷åíí³ ïîë³ìîðô³çìó
Thr

83
→Ala 4-ãî åêçîíó � 42,6, 43,5 ³ 13,9 % ïîð³âíÿíî ç 43,9, 45,9, 10,2 % ó êîíòðîë³ (P > 0,05).

Îäåðæàí³ ðåçóëüòàòè äîâîäÿòü, ùî A/A-âàð³àíò ïðîìîòîðó ãåíà MGP (G-7→A-ïîë³ìîðô³çì)
àñîö³éîâàíèé ç³ çá³ëüøåííÿì ðèçèêó ðîçâèòêó ÃÊÑ â óêðà¿íñüê³é ïîïóëÿö³¿, à òàêîæ ñâ³ä÷àòü
ïðî òå, ùî ³íòåíñèâí³ñòü êàëüöèô³êàö³¿ âïëèâàº íà ïåðåá³ã àòåðîñêëåðîòè÷íîãî óðàæåííÿ
êîðîíàðíèõ ñóäèí.
Êëþ÷îâ³ ñëîâà: ìàòðèêñíèé Gla-ïðîòå¿í, îäíîíóêëåîòèäíèé ïîë³ìîðô³çì, ³íôàðêò ì³îêàðäà.
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Ìàòðèêñíèé Gla-ïðîòå¿í (MGP) � ïðåäñòàâ-
íèê ãðóïè çàëåæíèõ â³ä â³òàì³íó K á³ëê³â,
ùî ì³ñòÿòü çàëèøêè γ-êàðáîêñèãëþòàì³-
íîâî¿ êèñëîòè (Gla). Äî ö³º¿ ãðóïè íàëåæàòü
á³ëêè, ÿê³ áåðóòü ó÷àñòü ó êîàãóëÿö³¿ êðîâ³:
ïðîòðîìá³í, ôàêòîðè VII, IX ³ X, ïðîòå¿íè
C, S ³ Z, à òàêîæ ê³ñòêîâèé Gla-ïðîòå¿í,
â³äîìèé ï³ä íàçâîþ îñòåîêàëüöèí [1]. Íà
â³äì³íó â³ä ñïåöèô³÷íîãî äëÿ ê³ñòîê îñòåî-
êàëüöèíó, MGP åêñïðåñóºòüñÿ â áàãàòüîõ
òêàíèíàõ, â òîìó ÷èñë³ â òêàíèíàõ ñåðöÿ ³
ñò³íîê ñóäèí [2, 3]. ßê in vitro, òàê ³ in vivo
â³í ïåðåøêîäæàº â³äêëàäàííþ êàëüö³þ ó
ì�ÿêèõ òêàíèíàõ, çîêðåìà â àðòåð³àëüí³é
ñò³íö³ [3, 5]. Öåé åôåêò çàáåçïå÷óºòüñÿ
íàÿâí³ñòþ ó ìîëåêóë³ MGP Gla-çàëèøê³â,
çäàòíèõ âçàºìîä³ÿòè ç ³îíàìè êàëüö³þ òà
êðèñòàëàìè îêñ³àïàòèòó. Ìîëåêóëà MGP
(ìîëåêóëÿðíà ìàñà 10 êÄà) ñêëàäàºòüñÿ ç
84 àì³íîêèñëîòíèõ çàëèøê³â, ï�ÿòü ç ÿêèõ
ïðåäñòàâëåíî γ-êàðáîêñèãëóòàì³íîâîþ
êèñëîòîþ [4]. Çàëèøêè îñòàííüî¿ óòâî-

ðþþòüñÿ ï³ñëÿ ïîñòòðàíñëÿö³éíî¿ ìîäèô³-
êàö³¿ ñèíòåçîâàíîãî â êë³òèíàõ MGP, ñóò-
í³ñòü ÿêî¿  ïîëÿãàº â  êàðáîêñèëþâàíí³
ãëóòàì³íîâî¿ êèñëîòè. Âñòàíîâëåíî, ùî
äåêàðáîêñèëüîâàíèé MGP, ó ÿêîìó çàì³ñòü
Gla ì³ñòèòüñÿ ãëóòàì³íîâà êèñëîòà âòðà÷àº
ñâîþ àíòèêàëüöèô³êóþ÷ó àêòèâí³ñòü [14].

Ãåí MGP ó ëþäèíè ðîçòàøîâàíèé íà
êîðîòêîìó ïëå÷³ 12-¿ õðîìîñîìè (12p13.1-
p12.3). Ó íüîìó çàêîäîâàíî 84 àì³íîêèñ-
ëîòí³ çàëèøêè çð³ëîãî á³ëêà ³ 19 çàëèøê³â
òðàíñìåìáðàííîãî ñèãíàëüíîãî ïåïòèäó.
Äîâæèíà ãåíà ñòàíîâèòü 3900 íóêëåîòèä³â,
â³í ñêëàäàºòüñÿ ç 4 åêçîí³â, ðîçä³ëåíèõ
òðüîìà ³íòðîíàìè, íà ÿê³ ïðèïàäàº ïîíàä
80 % çàãàëüíî¿ éîãî äîâæèíè [6]. Àíàë³ç
ïðîìîòîðíî¿ ä³ëÿíêè MGP-ãåíà ïîêàçàâ, ùî
ïîðÿä ç òèïîâèìè TATA ³ CAT-áîêñàìè,
âîíà ì³ñòèòü ïîñë³äîâíîñò³, ÿê³, ìîæëèâî,
ìàþòü ðåãóëÿòîðí³ âëàñòèâîñò³ ³ º ãîìîëî-
ã³÷íèìè ðàí³øå ³äåíòèô³êîâàíèì åëåìåí-
òàì, ùî â³äïîâ³äàþòü íà ä³þ ãîðìîí³â ³
òðàíñêðèïö³éíèõ ôàêòîð³â. Çîêðåìà, îêðåñ-



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 17

ëåíî äâ³ ä³ëÿíêè ïðîìîòîðó, ùî ì³ñòÿòü
ìîæëèâ³ ñàéòè çâ�ÿçóâàííÿ ç ðåöåïòîðàìè
ðåòèíîºâî¿ êèñëîòè ³ â³òàì³íó D [6].

Ñåðåä áàãàòüîõ (121 âàð³àíò) îïèñàíèõ
îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â (SNP) ó
ãåí³ MGP ëþäèíè íàéêðàùå äîñë³äæåíî òðè:
T-138→C (rs1800802), G-7→A (rs1800801) òà
Thr

83
→Ala (rs4236) [7�13]. Ïîë³ìîðô³çìè

T-138→C òà G-7→A çíàõîäÿòüñÿ ó ïðîìîòîð-
í³é ÷àñòèí³ ãåíà � ä³ëÿíö³, ÿêà óòâîðþº
êîìïëåêñè ç ÿäåðíèìè á³ëêàìè ³ ñïðèéìàº
¿õ ðåãóëÿòîðí³ âïëèâè. Thr

83
→Ala-ïîë³ìîð-

ô³çì ëîêàë³çîâàíèé ó ÷åòâåðòîìó åêçîí³, ùî
êîäóº Gla-ì³ñòêèé äîìåí òà ñïðè÷èíþº
çàì³íó àì³íîêèñëîòè â öüîìó ïðîòå¿í³.

Âðàõîâóþ÷è ìîæëèâèé âïëèâ MGP íà
ðîçâèòîê êàëüöèô³êàö³¿ àðòåð³àëüíèõ ñóäèí,
ùî ââàæàºòüñÿ îäí³ºþ ç ïðîâ³äíèõ îçíàê ¿õ
äåãåíåðàö³¿, ìîæíà ïðèïóñòèòè, ùî ãåíå-
òè÷íèé ïîë³ìîðô³çì ïðîìîòîðíî¿ ä³ëÿíêè
ìîæå âïëèâàòè íà ð³âåíü åêñïðåñ³¿ ãåíà
MGP, à âàð³àáåëüí³ñòü 4-ãî åêçîíó � íà
ÿê³ñí³ õàðàêòåðèñòèêè á³ëêà. Ë³òåðàòóðí³
äàí³  ç  öüîãî ïðèâîäó íåîäíîçíà÷í³  òà
ñóïåðå÷ëèâ³ [7�10, 12, 13], ùî ñïîíóêàëî
íàñ äî ïðîâåäåííÿ äîñë³äæåííÿ â óêðà¿í-
ñüê³é ïîïóëÿö³¿, ìåòîþ ÿêîãî ñòàâ ïîøóê
çâ�ÿçêó ì³æ ð³çíèìè àëåëüíèìè âàð³àíòàìè
ãåíà MGP ³ éìîâ³ðí³ñòþ ðîçâèòêó ãîñòðîãî
êîðîíàðíîãî ñèíäðîìó (ÃÊÑ).

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî ³ç âèêîðèñòàííÿì
âåíîçíî¿ êðîâ³ 115 õâîðèõ ç ÃÊÑ (81,7 %
÷îëîâ³ê³â ³ 18 % æ³íîê) â³êîì â³ä 40 äî 83
ðîê³â � ñåðåäí³é â³ê (58,5 ± 0,7) ðîêè,
øïèòàë³çîâàíèõ ó â³ää³ëåííÿ ðåàí³ìàö³¿ òà
³íòåíñèâíî¿ òåðàï³¿ Íàö³îíàëüíîãî íàóêîâîãî
öåíòðó �²íñòèòóò êàðä³îëîã³¿ ³ìåí³ àêàäå-
ì³êà Ì.Ä. Ñòðàæåñêà� ÍÀÌÍ Óêðà¿íè.
Ê³íöåâèé ä³àãíîç íåñòàá³ëüíî¿ ñòåíîêàðä³¿
ïîñòàâëåíî  33 ,5  % õâîðèì,  ãîñòðîãî
³íôàðêòó ì³îêàðäà � ó 66,5 % ïàö³ºíò³â. Íà
ï³äñòàâ³ ðåçóëüòàò³â êë³í³÷íèõ, åëåêòðî-
êàðä³îãðàô³÷íèõ ³ á³îõ³ì³÷íèõ îáñòåæåíü,

â³äïîâ³äíî äî ðåêîìåíäàö³é ºâðîïåéñüêîãî
òà àìåðèêàíñüêîãî òîâàðèñòâ êàðä³îëîã³â
[18�20]. Êîíòðîëüíà ãðóïà ñêëàäàëàñÿ ç 110
ïðàêòè÷íî çäîðîâèõ äîíîð³â, ó ÿêèõ â³äñóò-
í³ñòü ñåðöåâî-ñóäèííî¿ ïàòîëîã³¿ ï³äòâåðä-
æóâàëè çà äîïîìîãîþ àíàìíåçó, çíÿòòÿ
åëåêòðîêàðä³îãðàìè ³ âèì³ðþâàííÿ àðòå-
ð³àëüíîãî òèñêó. Êîíòðîëüíà ãðóïà ³ ãðóïà
õâîðèõ íå â³äð³çíÿëèñÿ çà â³êîì ³ ñï³ââ³ä-
íîøåííÿì îñ³á ð³çíî¿ ñòàò³ (P > 0,05 çà χ2-êðè-
òåð³ºì).

Äëÿ ãåíîòèïóâàííÿ âåíîçíó êðîâ íàáè-
ðàëè â ñòåðèëüíèõ óìîâàõ â ìîíîâåòè
îá�ºìîì 2,7 ìë ç êàë³ºâîþ ñ³ëëþ åòèëåí-
ä³àì³íòåòðàîöòîâî¿ êèñëîòè (�Sarstedt�,
Í³ìå÷÷èíà),  ùî áóëà àíòèêîàãóëÿíòîì.
Êðîâ çàìîðîæóâàëè ³ çáåð³ãàëè ïðè -20°Ñ.
ÄÍÊ ç íå¿ âèä³ëÿëè, âèêîðèñòîâóþ÷è íàáîðè
�Èçîãåí� (Ðîñ³ÿ). Ìåòîäîì ïîë³ìåðàçíî¿
ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ) ç íàñòóïíèì
àíàë³çîì äîâæèíè ðåñòðèêö³éíèõ ôðàã-
ìåíò³â âèçíà÷àëè T-138→C-ïîë³ìîðô³çì
ïðîìîòîðó (rs1800802). Äëÿ öüîãî àìïë³-
ô³êóâàëè ä³ëÿíêó ïðîìîòîðó âêàçàíîãî ãåíà
çà äîïîìîãîþ ïàðè ñïåöèô³÷íèõ ïðàéìåð³â:
ïðÿìîãî (sence) � 5`-AAGCATACGÀÒGGC
CAAAACTTCTGCA-3` ³ çâîðîòíîãî (anti-
sense) � 5`-GAACTAGCAÒÒGGAACTTTT
CCCAACC-3`. Ïðàéìåðè áóëî ñèíòåçîâàíî
ô³ðìîþ �Metab ion�  (Í³ìå÷÷èíà) .  Äëÿ
àìïë³ô³êàö³¿ áðàëè 50�100 íã ÄÍÊ ³ äîäà-
âàëè äî  ñóì³ø³ ,  ùî ì³ñòèëà  5  ìêë 5-
êðàòíîãî ÏËÐ-áóôåðà, 1,5 ììîëü/ë ñóëü-
ôàòó ìàãí³þ, 200 ìêìîëü/ë ñóì³ø³ ÷îòè-
ðüîõ íóêëåîòèäòðèôîñôàò³â, ïî 20 ïìîëü
êîæíîãî ç ïðàéìåð³â ³ 0,5 ÎÄ Taq-ïîë³-
ìåðàçè (�Ôåðìåíòàñ�, Ëèòâà), îá�ºì äî-
âîäèëè äî 25 ìêë äå³îí³çîâàíîþ âîäîþ.
ÏËÐ ïðîâîäèëè â òåðìîöèêëåð³ GeneAmp
PCR System 2700 (�Applied Biosystems�,
ÑØÀ). Àìïë³ô³êàö³ÿ ôðàãìåíòà ïðîìîòîðó
ñêëàäàëàñÿ ç 33 öèêë³â: äåíàòóðàö³ÿ � 94°Ñ
(30 ñ), ã³áðèäèçàö³ÿ ïðàéìåð³â � 57°Ñ (1 õâ)
³ åëîíãàö³ÿ � 72°Ñ (1 õâ). Ï³çí³øå 6 ìêë
ïðîäóêòó àìïë³ô³êàö³¿ ôðàãìåíòà ïðîìî-
òîðó ³íêóáóâàëè ïðè 37°Ñ ïðîòÿãîì 18 ãîä

Â.Þ. Ãàðáóçîâà, Â.Ë. Ãóð�ÿíîâà, Î.Ì. Ïàðõîìåíêî, Â.ª. Äîñåíêî, Î.Â. Àòàìàí



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 318

4321 8765 1211109

à

â

á

142 ï.î.
118 ï.î.

500 ï.î.
260 ï.î.

173 ï.î.
127 ï.î.

46.ï.î.

ç 3 ÎÄ ðåñòðèêòàçè BseNI (�Ôåðìåíòàñ�,
Ëèòâà) ó áóôåð³ B òàêîãî ñêëàäó: 10 ììîëü/ë
òð³ñ-HCl (pH 7,5), 10 ììîëü/ë õëîðèäó
ìàãí³þ ³ 0,1 ìã/ìë àëüáóì³íó. ßêùî â -138
ïîçèö³¿ ãåíà MGP ì³ñòèâñÿ òèì³í, àìïë³-
ô³êàò, ÿêèé ñêëàäàâñÿ ç 142 ïàð îñíîâ, ðîç-
ùåïëþâàâñÿ ðåñòðèêòàçîþ BseNI íà äâà
ôðàãìåíòè � 118 ³ 24 ïàðè îñíîâ. Ó ðàç³ çà-
ì³íè òèì³íó íà öèòîçèí ñàéò ðåñòðèêö³¿ äëÿ
BseNI âòðà÷àâñÿ ³ óòâîðþâàâñÿ îäèí ôðàã-
ìåíò ðîçì³ðîì 142 ïàðè îñíîâ (ðèñ. 1,à).

Àëåëüíèé ïîë³ìîðô³çì ïðîìîòîðó ãåíà
MGP G-7→A (rs1800801) âèçíà÷àëè òàêîæ
çà äîïîìîãîþ àìïë³ô³êàö³¿ ôðàãìåíòà òà
íàñòóïíî¿ ðåñòðèêö³¿. Ïîñë³äîâí³ñòü íóê-
ëåîòèä³â ó ñïåöèô³÷íèõ ïðàéìåðàõ áóëà
òàêîþ: ïðÿìèé (sence) � 5�-CTAG TTCAGT
GCCAACCCTTCCCCACC-3�, çâîðîòíèé
(antisense) � 5�-TAGCAGCA GTAGGGA
GAGAGGCTCCCA-3�. Äëÿ àìïë³ô³êàö³¿
áðàëè 50�100 íã ÄÍÊ ³ äîäàâàëè äî ñóì³ø³,
ùî ì³ñòèëà 5 ìêë 5-êðàòíîãî ÏËÐ-áóôåðà,
1,5 ììîëü/ë ñóëüôàòó ìàãí³þ, 200 ìêìîëü/ë
ñóì³ø³ ÷îòèðüîõ íóêëåîòèäòðèôîñôàò³â, ïî
20 ïìîëü êîæíîãî ç ïðàéìåð³â ³ 0,75 ÎÄ Taq-
ïîë³ìåðàçè (�Ôåðìåíòàñ�, Ëèòâà ), îá�ºì
äîâîäèëè äî 25 ìêë äå³îí³çîâàíîþ âîäîþ.
Àìïë³ô³êàö³ÿ ôðàãìåíòà, ùî ì³ñòèâ ñòàð-

òîâó ä³ëÿíêó,  ñêëàäàëàñÿ ç  33 öèêë³â:
äåíàòóðàö³ÿ � 94°Ñ (50 c), ã³áðèäèçàö³ÿ
ïðàéìåð³â � 64,5°Ñ (45 ñ) òà åëîíãàö³ÿ �
72°Ñ (1 õâ). Äëÿ ðåñòðèêö³éíîãî àíàë³çó 6
ìêë ïðîäóêòó àìïë³ô³êàö³¿ ³íêóáóâàëè ïðè
37°Ñ ïðîòÿãîì 18 ãîä ç 2 ÎÄ ðåñòðèêòàçè
NcoI ó áóôåð³ Òango òàêîãî ñêëàäó: 33
ììîëü/ë òð³ñ-àöåòàòó (ðÍ 7,9), 10 ììîëü/ë
àöåòàòó ìàãí³þ, 66 ììîëü/ë àöåòàòó êàëiþ,
0,1 ìã/ìë àëüáóì³íó. ßêùî â -7 ïîçèö³¿ ãåíà
MGP ì³ñòèâñÿ ãóàí³í, àìïë³ô³êàò, ÿêèé
ñêëàäàâñÿ ç 500 ïàð îñíîâ, ðîçùåïëþâàâñÿ
ðåñòðèêòàçîþ NcoI íà äâà ôðàãìåíòè � 240
³ 260 ïàð îñíîâ. Ó ðàç³ çàì³íè ãóàí³íó íà
àäåí³í ñàéò ðåñòðèêö³¿ äëÿ NcoI âòðà÷àâñÿ
òà â³çóàë³çóâàâñÿ îäèí ôðàãìåíò çàâäîâæ-
êè 500 ïàð îñíîâ (äèâ. ðèñ. 1,á).

Äëÿ âèçíà÷åííÿ ïîë³ìîðô³çìó 4-ãî
åêçîíó Thr

83
→Ala (rs4236) ãåíà MGP âèêî-

ðèñòîâóâàëè ïàðó ñïåöèô³÷íèõ ïðàéìåð³â:
ïðÿìèé (sence) � 5�-TCAATAGGGAAGC
CTGTGATG-3� ³ çâîðîòíèé (antisense) � 5�-
AGGGGGATACAAAATCAGGTG-3�. Ïðîã-
ðàìà àìïë³ô³êàö³¿ áóëà òàêîþ: äåíàòóðàö³ÿ
� 94°Ñ (50 ñ), ã³áðèäèçàö³ÿ ïðàéìåð³â �
64,5°Ñ (45 ñ), åëîíãàö³ÿ � 72°Ñ (1 õâ), ðàçîì
33 öèêëè. Íàäàë³ 6 ìêë ïðîäóêòó àìïë³-
ô³êàö³¿ ³íêóáóâàëè ïðè 37°Ñ ïðîòÿãîì 18 ãîä

Ðèñ. 1. Ðåçóëüòàòè ðåñòðèêö³éíîãî àíàë³çó îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â ãåíà MGP: à � T-138→Ñ-ïîë³ìîðô³çì
(äîð³æêè 4, 5, 7, 9, 10, 11 â³äïîâ³äàþòü T/T-ãåíîòèïó, 1, 2, 3, 8, 12 � T/Ñ-ãåíîòèïó, 6 - Ñ/Ñ-ãåíîòèïó); á � G-7→A-
ïîë³ìîðô³çì (äîð³æêè 2, 3, 11 â³äïîâ³äàþòü G/G-ãåíîòèïó, 1, 4, 5, 7, 8, 10 � G/À-ãåíîòèïó, 6, 9, 12 � À/À-ãåíîòèïó);
â � Thr

83
→Ala-ïîë³ìîðô³çì (äîð³æêè 1, 3, 6, 11 â³äïîâ³äàþòü Thr/Thr-âàð³àíòó, 4, 5, 7�10, 12 � Thr/Ala-âàð³àíòó,

2 � Ala/Ala-âàð³àíòó); ï.î. � ïàðà îñíîâ
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ç 3 ÎÄ ðåñòðèêòàçè Eco477 ó áóôåð³ R
òàêîãî ñêëàäó: 10 ììîëü/ë òð³ñ-HCl (pH
8,5) ,  10 ììîëü/ë õëîðèäó ìàãí³þ,  100
ììîëü/ë õëîðèäó êàëiþ ³ 0,1 ìã/ìë àëüáó-
ì³íó. Íàÿâí³ñòü ó 3748 ïîçèö³¿ ãåíà MGP
àäåí³íó ïåðåøêîäæàº ðåñòðèêö³¿, à ïðè
çàì³í³ éîãî íà òèì³í ðåñòðèêòàçà ðîçùåï-
ëþº àìïë³ô³êîâàíó ä³ëÿíêó 4-ãî åêçîíó
(äîâæèíà � 173 ïàðè àçîòèñòèõ îñíîâ) íà
äâà ôðàãìåíòè: 127 ³ 46 ïàð îñíîâ (äèâ. ðèñ.
1,â).

Àìïë³ô³êàòè âñ³õ òðüîõ âèâ÷åíèõ ôðàã-
ìåíò³â ãåíà MGP ï³ñëÿ ðåñòðèêö³¿ ðîçä³ëÿëè
â 2,5%-ìó àãàðîçíîìó ãåë³, ùî ì³ñòèâ áðî-
ìèñòèé åòèä³é. Ãîðèçîíòàëüíèé åëåêòðî-
ôîðåç (0,1À; 140V) ïðîâîäèëè ïðîòÿãîì 25
õâ  (T-138→C) ,  40  õâ  (G -7→A) òà  20  õâ
(Thr

83
→Ala) .  Â³çóàë ³çàö³þ ÄÍÊ ï³ñëÿ

åëåêòðîôîðåçó çä³éñíþâàëè çà äîïîìîãîþ
òðàíñ³ëþì³íàòîðà (�Á³îêîì�, Ðîñ³ÿ).

Îäåðæàí³ ðåçóëüòàòè îïðàöüîâóâàëè ñòà-
òèñòè÷íî ç âèêîðèñòàííÿì ïðîãðàìè Excel
2000. Ïðè öüîìó äîñòîâ³ðí³ñòü â³äì³í-
íîñòåé âèçíà÷àëè çà χ2-êðèòåð³ºì. Çíà÷åííÿ
P < 0,05 ââàæàëè äîñòîâ³ðíèì.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ãåíîòèïóâàííÿ õâîðèõ ³ç ÃÊÑ çà òðüîìà
ñàéòàìè ãåíà MGP ³ ïîð³âíÿííÿ îäåðæàíèõ
ðåçóëüòàò³â ç òàêèìè ðåñòðèêö³éíîãî àíàë³çó
â êîíòðîëüí³é ãðóï³ äàëî çìîãó âñòàíîâèòè,
ùî ÷àñòîòà, ç ÿêîþ çóñòð³÷àþòüñÿ ïåâí³ âà-
ð³àíòè öüîãî ãåíà, º ð³çíîþ ïðè G-7→A-ïî-
ë³ìîðô³çì³ ³ ñòàòèñòè÷íî íå â³äð³çíÿºòüñÿ,
êîëè éäåòüñÿ ïðî ïîë³ìîðô³çìè T-138→C òà
Thr

83
→Ala  (ðèñ .  2 ) .  Âñòàíîâëåíî ,  ùî

ñï³ââ³äíîøåííÿ ãîìîçèãîò çà ìàæîðíèì
àëåëåì, ãåòåðîçèãîò ³ ãîìîçèãîò çà ì³íîð-
íèì àëåëåì ïðè àíàë³ç³ T-138→C-ïîë³ìîð-
ô³çìó ïðîìîòîðó ñêëàäàëî ó õâîðèõ ç ÃÊÑ:
59,8, 32,7, 7,5 %, à â êîíòðîëüí³é ãðóï³ � 58,7,
36,7, 4,6 % (P > 0,05 çà χ2-êðèòåð³ºì). ×àñòî-
òà àëåëüíèõ âàð³àíò³â ïðè âèâ÷åíí³ G-7→A-
ïîë³ìîðô³çìó ñòàíîâèëà 42,1, 45,6, 12,3 % ³
41,8, 54,5, 3,6 % â³äïîâ³äíî (P < 0,05). À
ïðè àíàë³ç³ ïîë³ìîðô³çìó Thr

83
→Ala � 42,6,

43,5, 13,9 % ³ 43,9, 45,9, 10,2 % â³äïîâ³äíî
(P > 0,05). Òàêèì ÷èíîì, äîñòîâ³ðí³ â³äì³í-
íîñò³ ïðè ïîð³âíÿíí³ ç êîíòðîëüíîþ ãðóïîþ
áóëî âñòàíîâëåíî ò³ëüêè äëÿ ïîë³ìîðô³çìó
â ïðîìîòîð³ G-7→À: ó õâîðèõ ç ÃÊÑ ì³-
íîðíèé (�ïàòîëîã³÷íèé�) âàð³àíò A/A âèÿâ-

Ðèñ. 2. ×àñòîòà ð³çíèõ ãåíîòèï³â ïðè âèçíà÷åíí³
îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â ãåíà MGP ó ïðàê-
òè÷íî çäîðîâèõ èíäèâ³äóì³â (1) òà õâîðèõ ³ç ãîñòðèì
êîðîíàðíèì ñèíäðîìîì (2): à � T-138→Ñ-ïîë³ìîðô³çì
(P > 0,05 çà χ2-êðèòåð³ºì), á � G-7→A-ïîë³ìîðô³çì
(P < 0,05 çà χ2-êðèòåð³ºì), â � Thr

83
→Ala-ïîë³ìîðô³çì

(P > 0,05 çà χ2-êðèòåð³ºì)
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ëÿëè â 3,4 ðàçà ÷àñò³øå, í³æ ó äîíîð³â.
Â³ä ÷àñó âñòàíîâëåííÿ àíòèêàëüöèô³-

êóþ÷èõ âëàñòèâîñòåé MGP ïîñòàëî ïèòàí-
íÿ, ÿêó ðîëü â³ä³ãðàº öåé á³ëîê ó ðîçâèòêó
êàëüöèô³êàö³¿ àðòåð³àëüíî¿ ñò³íêè, çîêðåìà
àòåðî ñêëåðîòè÷íèõ áëÿøîê ó ëþäèíè.
Äîñë³äæóâàëè äâà îñíîâí³ íàïðÿìêè. Ç
îäíîãî  áîêó,  âèâ÷àþòü  ìîëåêóëÿðíî-
ãåíåòè÷íèé âïëèâ îäíîíóêëåîòèäíèõ ïîë³-
ìîðô³çì³â ó ïðîìîòîð³ íà åôåêòèâí³ñòü
òðàíñêðèïö³¿ ³ç çàñòîñóâàííÿ ëþöèôåðàç-
íîãî òåñòó. Ç äðóãîãî, äîñë³äíèêè øóêàþòü
ôóíêö³îíàëüíå çíà÷åííÿ îäíîíóêëåîòèäíèõ
ïîë³ìîðô³çì³â, âèêîðèñòîâóþ÷è íà êë³í³÷íèé
ìàòåð³àë, âèâ÷àþ÷è çâ�ÿçîê ð³âíÿ MGP
êðîâ³ òà ðîçâèòêó àòåðîñêëåðîòè÷íèõ çì³í
[21�23], ïîë³ìîðô³çì³â ó ãåí³ MGP ³ äåÿêèõ
³íøèõ ïîêàçíèê³â óðàæåííÿ àðòåð³é [7�10,
12, 13].

Ïîë³ìîðô³çì ãåíà MGP òà àêòèâí³ñòü
òðàíñêðèïö³¿. Ïåðøå äîñë³äæåííÿ ³ç çàñòî-
ñóâàííÿì ëþöèôåðàçíîãî òåñòó, ñóòü ÿêîãî
ïîëÿãàº ó ââåäåíí³ â êóëüòèâîâàí³ êë³òèíè
ãåíåòè÷íèõ êîíñòðóêö³é, ùî ì³ñòÿòü �íîð-
ìàëüíèé� àáî �ïàòîëîã³÷íèé� âàð³àíòè ïðî-
ìîòîðó MGP òà ãåí ëþöèôåðàçè,  áóëî
ïðîâåäåíî Herrmann òà ñï³âàâò. [7]. Àâòîðè
ïîêàçàëè, ùî ïîë³ìîðô³çì G-7→A íå âïëè-
âàº íà ïðîìîòîðíó àêòèâí³ñòü, òîä³ ÿê
àêòèâí³ñòü ïðîìîòîðó ç ì³íîðíèì àëåëåì -
138C (�ïàòîëîã³÷íèé� âàð³àíò) ïîð³âíÿíî ç
-138T (�íîðìàëüíèì� âàð³àíòîì) áóëà
ìåíøà íà 20 % ó ãëàäåíüêîì�ÿçîâèõ êë³òè-
íàõ (ÃÌÊ) ñóäèí ùóðà ³ íà 50 % ó êóëüòèâî-
âàíèõ ô³áðîáëàñòàõ ëþäèíè. Çîâñ³ì ³íø³ äà-
í³ áóëî îòðèìàíî ó äîñë³äæåíí³ Farzaneh òà
ñï³âàâò. [8]. Àâòîðè âñòàíîâèëè, ùî ïðîìî-
òîðè ç ïîë³ìîðô³çìàìè G-7→A ³ T-138→C
³ñòîòíî çì³íþþòü òðàíñêðèïö³éíó àêòèâ-
í³ñòü ãåíà MGP â ñóäèííèõ ÃÌÊ ùóð³â ó
êóëüòóð³. Òàê, âàð³àíò ïðîìîòîðó ç ì³íîð-
íèì àëåëåì -7A âèÿâëÿâ ó 1,5 ðàçà âèùó
àêòèâí³ñòü, í³æ -7G, à âàð³àíò -138C áóâ ó
4 ðàçè àêòèâí³øèé çà -138T. Àíàë³ç ïðîìî-
òîðó ãåíà MGP ïîêàçàâ, ùî ïîë³ìîðô³çì T-
138C ñòîñóºòüñÿ ä³ëÿíêè, ÿêà º êðèòè÷íîþ

äëÿ ïðîöåñ³â òðàíñêðèïö³¿ â ñóäèííèõ ÃÌÊ.
Ñàìå òóò, ó ïîçèö³¿ ì³æ -142 ³ -136, ðîçòà-
øîâàíèé åëåìåíò,  ùî ìîæå çâ�ÿçóâàòè
àêòèâàö³éíèé ïðîòå¿í-1  (AP-1) .  Âñòà-
íîâëåíî, ùî ïðè ïîë³ìîðô³çì³ T-138→C çì³-
íþºòüñÿ çâ�ÿçóâàííÿ ö³º¿ ä³ëÿíêè ïðîìîòîðó
ç êîìïëåêñîì AP-1. Âàð³àíò ïðîìîòîðó ç
àëåëåì -138T äîáðå çâ�ÿçóº êîìïëåêñè AP-
1, äî ñêëàäó ÿêèõ âõîäÿòü c-Jun, JunB, Fra-
1  ³  Fra-2 ,  ³  àêòèâóºòüñÿ  ôîðáîëîâèìè
ñïîëóêàìè, òèì ÷àñîì çäàòí³ñòü äî çâ�ÿçó-
âàííÿ AP-1 ³ íàñòóïíî¿ àêòèâàö³¿ ó ïðîìî-
òîðó ç àëåëåì -138C º äóæå íèçüêîþ. Íàâå-
äåí³ âèùå ðåçóëüòàòè ï³äòâåðäæóþòüñÿ
Kobayashi òà ñï³âàâò. [9], ÿê³ âñòàíîâèëè,
ùî âàð³àíò ïðîìîòîðó -138T, íà â³äì³íó â³ä
-138C, çäàòíèé óòâîðþâàòè êîìïëåêñè ç
ÿäåðíèìè á ³ëêàìè (AP-1) .  Ïðî òå  ùî
ñòîñóºòüñÿ àêòèâíîñò³ öèõ âàð³àíò³â, òî
ÿïîíñüê³ äîñë³äíèêè ä³éøëè çîâñ³ì ³íøèõ,
í³æ Farzaneh òà ñï³âàâò., âèñíîâê³â: ïðè
ââåäåíí³ ïðîìîòîð³â ãåíà MGP ó êóëüòè-
âîâàí³ êë³òèíè ðàêó ìîëî÷íî¿ çàëîçè ëþäèíè
àêòèâí³ñòü ïðîìîòîðó ç àëåëåì -138T áóëà
íàáàãàòî âèùîþ, ÿêùî ïîð³âíþâàòè ç
àëåëåì -138C.

Ùîäî äðóãî¿ ãðóïè ðîá³ò, òî îäåðæàí³ â
íèõ ðåçóëüòàòè òåæ ñóïåðå÷ëèâ³. Òàê, Braam
òà ñï³âàâò. [21] íàâîäÿòü äàí³ ïðî òå, ùî
ðîçâèòîê òÿæêîãî àòåðîñêëåðîçó ñóïðîâîä-
æóºòüñÿ çá³ëüøåííÿì êîíöåíòðàö³¿ MGP ó
ñèðîâàòö³ êðîâ³. Íàòîì³ñòü Jono òà ñï³âàâò.
[22] âñòàíîâèëè, ùî öåé ïîêàçíèê â êðîâ³
îáåðíåíî ïðîïîðö³éíî êîðåëþº ç êàëüöè-
ô³êàö³ºþ êîðîíàðíèõ ñóäèí. ² íàðåøò³,
O�Donell òà ñï³âàâò. [23], ïîêàçàâøè çâ�ÿçîê
ì³æ ð³âíåì MGP êðîâ³ ³ íèçêîþ ôàêòîð³â
ðèçèêó àòåðîñêëåðîçó, íå âèÿâèëè êîðåëÿö³¿
ì³æ âì³ñòîì MGP ³ êàëüöèô³êàö³ºþ êîðî-
íàðíèõ àðòåð³é.

Äàí³ ïðî çâ�ÿçîê ð³çíèõ âèä³â àëåëüíîãî
ïîë³ìîðô³çìó ãåíà MGP ç ð³âíåì MGP
êðîâ³, ðîçâèòêîì êàëüöèô³êàö³¿ àðòåð³é
(çîêðåìà êîðîíàðíèõ) ³ íàñë³äê³â àòåðî-
ñêëåðîçó (çîêðåìà ³íôàðêòó ì³îêàðäà) òåæ
ñóïåðå÷ëèâ³.
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Ïîë³ìîðô³çì ãåíà MGP ³ éîãî âì³ñò ó
êðîâ³. Ó ïðàö³ Farzaneh òà ñï³âàâò. [8] íå
âèÿâëåíî àñîö³àö³¿ ì³æ G-7→A-ïîë³ìîðô³ç-
ìîì ³ âì³ñòîì MGP ó ñèðîâàòö³ êðîâ³ çäîðî-
âèõ ëþäåé (Í³äåðëàíäè). Âîäíî÷àñ ó öüîìó
äîñë³äæåíí³  âñòàíîâëåíî ñòàòèñòè÷íî
äîñòîâ³ðíèé çâ�ÿçîê ì³æ âèùå çàçíà÷åíèì
ïîêàçíèêîì ³ T-138→C-ïîë³ìîðô³çìîì: íàé-
âèù³ çíà÷åííÿ MGP âèÿâëÿëè â C/C, íàé-
ìåíø³ � ó T/T-ãîìîçèãîò, ïðîì³æí³ çíà÷åííÿ
áóëè â ãåòåðîçèãîò (T/C). Íà â³äì³íó â³ä
íàâåäåíîãî âèùå, Crosier òà ñï³âàâò. [13],
íå âèÿâèëè àñîö³àö³¿ ì³æ T-138→C-ïîë³ìîð-
ô³çìîì ³ ð³âíåì MGP ñèðîâàòêè, íàòîì³ñòü
ïîêàçàíî ñòàòèñòè÷íî äîñòîâ³ðíèé çâ�ÿçîê
ì³æ G-7→A- ³ Thr

83
→Ala-âàð³àíòàìè ïîë³-

ìîðô³çìó ó çäîðîâèõ ÷îëîâ³ê³â ³ æ³íîê
(ìåøêàíö³ ÑØÀ), ç îäíîãî áîêó, ³ êîíöåíò-
ðàö³ºþ MGP êðîâ³, ç äðóãîãî. Ó ãîìîçèãîò
çà ì³íîðíèì àëåëåì êîíöåíòðàö³ÿ MGP áóëà
íàéìåíøîþ, ó íîðìàëüíèõ ãîìîçèãîò �
íàéá³ëüøîþ, ó ãåòåðîçèãîò ðåºñòðóâàëè
ïðîì³æí³ çíà÷åííÿ öüîãî ïîêàçíèêà.

Ïîë³ìîðô³çì ãåíà MGP ³ êàëüöèô³êàö³ÿ
àðòåð³é. Crosier òà ñï³âàâò. [13] ïîêàçàëè, ùî
âñ³ òðè SNP (T-138→C, G-7→A òà Thr

83
→Ala)

ìàþòü çâ�ÿçîê ç êàëüöèô³êàö³ºþ êîðîíàðíèõ
àðòåð³é (ÊÊÀ) ó ÷îëîâ³ê³â ÿê ñàìîñò³éíî,
òàê ³  â ïîºäíàíí³ ç ³íøèìè ôàêòîðàìè
ðèçèêó àòåðîñêëåðîçó. Âîäíî÷àñ ñòàòèñ-
òè÷íî äîñòîâ³ðíî¿ àñîö³àö³¿ öèõ ñàìèõ  SNP
ç ÊÊÀ ó æ³íîê íå âèÿâëåíî. Íàéá³ëüø
àñîö³éîâàíèìè ç ÊÊÀ áóëè ãîìîçèãîòè çà
ì³íîðíèì àëåëåì. Ó ÷îëîâ³ê³â ç òàêèì
ãåíîòèïîì ïðè âñ³õ òðüîõ SNP âàæê³ñòü
ÊÊÀ áóëà  äî ñòîâ ³ðíî  íèæ÷îþ,  í ³æ  ó
ãîìîçèãîò çà îñíîâíèì àëåëåì. Àâòîðè
ä³éøëè âèñíîâêó,  ùî,  íå çâàæàþ÷è íà
âèÿâëåíèé çâ�ÿçîê ì³æ ïîë³ìîðô³çìîì ãåíà
MGP ³ éîãî âì³ñòîì ó ñèðîâàòö³ êðîâ³, ç
îäíîãî áîêó, ³ ðîçâèòêîì ÊÊÀ, ç äðóãîãî,
äâà îñòàíí³ ïîêàçíèêè ì³æ ñîáîþ í³ÿê íå
ïîâ�ÿçàí³. Íà äóìêó àâòîð³â, ãåíåòè÷í³
âàð³àíòè ãåíà MGP âïëèâàþòü íà ÊÊÀ íå
÷åðåç êîíöåíòðàö³þ MGP â ñèðîâàòö³ êðîâ³,
à â ³íøèé, ùå íåâ³äîìèé ñïîñ³á.

Äóæå ñëàáêèé çâ�ÿçîê ì³æ ïîë³ìîð-
ô³çìîì MGP ³ êàëüöèô³êàö³ºþ àðòåð³é áóëî
âèÿâëåíî ïðè äîñë³äæåíí³ ñîííèõ ³ ñòåãíî-
âèõ àðòåð³é ó çäîðîâèõ âîëîíòåð³â (�AXA
Study�, Ôðàíö³ÿ) [7]. Ò³ëüêè ñåðåä òèõ, ó
êîãî ïðè óëüòðàçâóêîâîìó äîñë³äæåíí³
âèÿâëåíî àòåðîñêëåðîç ñòåãíîâèõ àðòåð³é
ç êàëüöèô³êàö³ºþ áëÿøîê, àëåë³ -7A òà
Ala83 çóñòð³÷àëèñÿ ÷àñò³øå, í³æ ó ñóá�ºêò³â,
ùî ìàëè áëÿøêè áåç îçíàê ¿õ êàëüöèô³êàö³¿.
Íå  âñòàíîâëåíî  æîäíîãî  çâ�ÿçêó  ì³æ
àëåëüíèì ïîë³ìîðô³çìîì MGP ³ àòåðî-
ñêëåðîçîì ñîííèõ àðòåð³é.

Â ³íøèõ ê³ëüêîõ äîñë³äæåííÿõ íå âèÿâè-
ëè çâ�ÿçêó T-138→C ïîë³ìîðô³çìó ç êàëüöè-
ô³êàö³ºþ êîðîíàðíèõ àðòåð³é [12], à òàêîæ
àòåðîñêëåðîçîì ÷åðåâíî¿ àîðòè, êàëüöè-
ô³êàö³ºþ àòåðîñêëåðîòè÷íèõ áëÿøîê ³ àðòå-
ð³îñêëåðîçîì Ìåíêåáåðãà [9].

Ïîë³ìîðô³çì ãåíà MGP ³ ³íôàðêò ì³î-
êàðäà. Ëèøå â îäíîìó äîñë³äæåíí³ (ECTIM
Study, Ï³âí³÷íà ²ðëàíä³ÿ, Ôðàíö³ÿ) àíàë³-
çóâàëè çâ�ÿçîê 6 âàð³àíò³â ãåíà MGP ç
ðîçâèòêîì ³íôàðêòó ì³îêàðäà [7].  Áóëî
ïîêàçàíî, ùî ÷àñòîòà àëåë³â ³ ðîçïîä³ë
ãåíîòèï³â çà âñ³ìà âèäàìè SNP îäíàêîâ³ ó
õâîðèõ íà ³íôàðêò ì³îêàðäà ³ â êîíòðîëüí³é
ãðóï³. Ò³ëüêè â îäí³é ï³äãðóï³, ó ÿê³é õâîðèõ
³ êîíòðîëüíèõ ñóá�ºêò³â áóëî ïîä³ëåíî íà
òàêèõ, ùî ìàþòü âèñîêèé ³ íèçüêèé ðèçèê
ðîçâèòêó ³øåì³÷íî¿ õâîðîáè ñåðöÿ, âñòà-
íîâëåíî, ùî ÷àñòîòà ì³íîðíèõ àëåë³â (-7À
³ Ala83) ó õâîðèõ íà ³íôàðêò ì³îêàðäà ç
íèçüêèì ð³âíåì ôàêòîð³â ðèçèêó º á³ëüøîþ,
í³æ ó â³äïîâ³äí³é êîíòðîëüí³é ï³äãðóï³.

Ó âèêîíàíèõ íàìè äîñë³äæåííÿõ ïîêà-
çàíî,  ùî â  ãðóï³  õâîðèõ ç  ÃÊÑ,  ùî º
íàéá³ëüø íåáåçïå÷íîþ ôîðìîþ ³øåì³÷íî¿
õâîðîáè ñåðöÿ, ÷àñòîòà àëåëÿ -7A áóëà
âèùîþ, í³æ ó êîíòðîëüí³é ãðóï³. Öå äàº
ï³äñòàâè äóìàòè, ùî G-7→A-ïîë³ìîðô³çì
ñòîñóºòüñÿ  ðîçâèòêó  ñàìå  ö ³º ¿  ôîðìè
³øåì³÷íî¿ õâîðîáè ñåðöÿ â óêðà¿íñüê³é
ïîïóëÿö³¿ ³ ìîæå ðîçãëÿäàòèñÿ ÿê îäèí ç
ãåíåòè÷íèõ ÷èííèê³â ñåðöåâî-ñóäèííî¿
ïàòîëîã³ ¿ .  Ìåõàí³çìè ðåàë³çàö³ ¿  öüîãî
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ãåíåòè÷íîãî ôàêòîðà ìîæóòü áóòè ïîâ�ÿ-
çàí³ íå ò³ëüêè ç³ âïëèâîì íà êàëüöèô³êàö³þ
êîðîíàðíèõ àðòåð³é, àëå é íà çãîðòàííÿ êðîâ³
[24]. ßê çàçíà÷àëîñÿ âèùå, MGP º â³òàì³í
Ê-çàëåæíèì ïðîòå¿íîì ç ðîäèíè ïðîêîàãó-
ëÿíòíèõ á³ëê³â êðîâ³ (ïðîòðîìá³í,  VII
ôàêòîð òîùî), à, îòæå, ìîæå âïëèâàòè íà
çãîðòàííÿ êðîâ³ ,  ÿêå ìàº íàäçâè÷àéíî
âåëèêå çíà÷åííÿ â ïàòîãåíåç³ êîðîíàðíîãî
òðîìáîçó. Íà àíòàãîí³ñòè÷íèé õàðàêòåð
âçàºìîä³¿ êîàãóëÿö³¿ òà êàëüö³ô³êàö³¿ ñóäèí-
íî¿ ñò³íêè âêàçóþòü äàí³ ë³òåðàòóðè [25, 26],
à MGP ìîæå ðîçãëÿäàòèñÿ ÿê ñïîëó÷íà
ëàíêà ó öèõ ïðîöåñàõ. Êð³ì òîãî, àêòèâíèé,
÷³òêî â³äðåãóëüîâàíèé õàðàêòåð êàëüöè-
ô³êàö³¿ [5, 16, 17, 27�29] ìîæå âêàçóâàòè íà
¿¿ ïðèñòîñóâàëüíå çíà÷åííÿ â ïàòîãåíåç³
àòåðîñêëåðîçó. Íå âèêëþ÷åíî, ùî îáâàï-
íåííÿ º îïòèìàëüíèì âàð³àíòîì çàê³í÷åííÿ
ïàòîëîã³÷íîãî ïðîöåñó â ñóäèíí³é ñò³íö³, ³
ôàêòîðè,  ùî çàòðèìóþòü â ³äêëàäàííÿ
êàëüö³þ, ìàþòü ðîçãëÿäàòèñÿ ÿê ôàêòîðè
ðèçèêó äåñòàá³ë³çàö³¿ àòåðîñêëåðîòè÷íî¿
áëÿøêè. Äî òàêèõ ôàêòîð³â ìè ñõèëüí³
çàðàõóâàòè ³ G-7→A-ïîë³ìîðô³çì ãåíà MGP,
ùî çíà÷íî ÷àñò³øå çóñòð³÷àºòüñÿ ó õâîðèõ
íà ÃÊÑ.

Â.Þ. Ãàðáóçîâà, Â.Ë. Ãóðüÿíîâà,
À.Í. Ïàðõîìåíêî, Â.Å. Äîñåíêî, À.Â. Àòàìàí

×ÀÑÒÎÒÀ ÀËËÅËÜÍÛÕ ÂÀÐÈÀÍÒÎÂ ÃÅÍÀ
ÌÀÒÐÈÊÑÍÎÃÎ GLA-ÏÐÎÒÅÈÍÀ
Ó ÁÎËÜÍÛÕ Ñ ÎÑÒÐÛÌ ÊÎÐÎÍÀÐÍÛÌ
ÑÈÍÄÐÎÌÎÌ

Ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ ÷àñòîòû àëëåëüíûõ
âàðèàíòîâ ãåíà ìàòðèêñíîãî-Gla-ïðîòåèíà (MGP), êîòîðûé
ÿâëÿåòñÿ îäíèì èç êëþ÷åâûõ áåëêîâ-ðåãóëÿòîðîâ
êàëüöèôèêàöèè, ó 115 áîëüíûõ ñ îñòðûì êîðîíàðíûì
ñèíäðîìîì (ÎÊÑ) è 110 çäîðîâûõ èíäèâèäóóìîâ
(êîíòðîëüíà ãðóïà). Óñòàíîâëåíî, ÷òî ñîîòíîøåíèå
íîðìàëüíûõ ãîìîçèãîò, ãåòåðîçèãîò è ìèíîðíûõ ãîìîçèãîò
ïðè àíàëèçå T-138→Ñ-ïîëèìîðôèçìà ïðîìîòîðà ó ãåíà MGP
ó áîëüíûõ ñ ÎÊÑ ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé
ñîñòàâëÿåò: 59,8, 32,7, 7,5 % (â êîíòðîëå � 58,7, 36,7, 4,6 %,
P > 0,05); ïðè àíàëèçå G-7→A-ïîëèìîðôèçìà ïðîìîòîðà �
42,1, 45,6, 12,3 % è 41,8, 54,5, 3,6 % ñîîòâåòñòâåííî
(P < 0,05 ïî χ2-êðèòåðèþ); à ïðè îïðåäåëåíèè ïîëè-
ìîðôèçìà Thr

83
→Ala 4-ãî ýêçîíà � 42,6, 43,5 è 13,9 % ïî

ñðàâíåíèþ ñ 43,9, 45,9, 10,2 % � â êîíòðîëå (P > 0,05).
Ïîëó÷åííûå äàííûå ïîçâîëÿþò óòâåðæäàòü, ÷òî âàðèàíò
À/À ïðîìîòîðà ãåíà MGP (G-7→A-ïîëèìîðôèçì) àññîöèè-
ðîâàí ñ óâåëè÷åíèåì âåðîÿòíîñòè ðàçâèòèÿ ÎÊÑ â
óêðàèíñêîé ïîïóëÿöèè, à òàêæå ÿâëÿþòñÿ ñâèäåòåëüñòâîì
òîãî, ÷òî èíòåíñèâíîñòü ïðîöåññà êàëüöèôèêàöèè âëèÿåò
òà òå÷åíèå àòåðîñêëåðîòè÷åñêîãî ïîðàæåíèÿ êîðîíàðíûõ
ñîñóäîâ.
Êëþ÷åâûå ñëîâà: ìàòðèêñíûé Gla-ïðîòåèí, îäíîíóêëåî-
òèäíûé ïîëèìîðôèçì, èíôàðêò ìèîêàðäà.

V.Yu. Garbuzova, V.L. Gurianova,
A.N. Parkhomenko, V.E. Dosenko, A.V. Ataman

THE FREQUENCY OF ALLELIC POLYMOR-
PHISM OF MATRIX GLA-PROTEIN GENE IN
ACUTE CORONARY SYNDROME PATIENTS

Allelic polymorphisms of matrix Gla protein (MGP) gene
were determinated in 115 patients with acute coronary syn-
drome (ACS) and in 110 practically healthy people. It was
shown that interrelation of major homozygotes, heterozy-
gotes and minor homozygotes by T-138→Ñ MGP promoter
polymorphism in patients with ACS were 59,8%, 32,7%, 7,5%
and in control 58.7%, 36.7%, 4.6% (P > 0.05 by χ2-test); by
G-7→A polymorphism: 42.1%, 45.6%, 12.3% and 41.8%,
54.5%, 3.6% correspondingly (P < 0,05); and by Thr

83
→Ala

exon 4 polymorphism: 42.6%, 43.5%, 13.9% compared to
43.9%, 45.9%, 10.2% in control (P > 0.05). The obtained data
show that MGP A/A variant of MGP promoter G-7→A poly-
morphism is a risk factor of ACS in Ukrainian population.
These data indicate also that the intensity of calcification
influences atherosclerotic injury of coronary artery.

Sumy State University, Sumy;

O.O.Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv;

National Scietific Center �Srtazhesko Institute
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Çì³íè êàëüö³éçàëåæíî¿ êàë³ºâî¿ ïðîâ³äíîñò³
³çîëüîâàíèõ ãëàäåíüêîì�ÿçîâèõ êë³òèí ñå÷îâîãî
ì³õóðà ùóð³â ïðè åêñïåðèìåíòàëüíîìó ä³àáåò³

Àêòèâàö³ÿ êàëüö³éçàëåæíèõ êàë³ºâèõ êàíàë³â âåëèêî¿ ïðîâ³äíîñò³ (BK-êàíàëè) âïëèâàº íà
ðåïîëÿðèçàö³þ ìåìáðàíè ï³ä ÷àñ ãåíåðàö³¿ ïîòåíö³àëó ä³¿ òà íà ïîòåíö³àë ñïîêîþ
ãëàäåíüêîì�ÿçîâèõ êë³òèí (ÃÌÊ) äåòðóçîðà. Îäíèì ³ç óñêëàäíåíü ä³àáåòó º ñèíäðîì
ã³ïåðàêòèâíîãî ñå÷îâîãî ì³õóðà (ÑÃÀÑÌ). Ç âèêîðèñòàííÿì ìåòîäó patch-clamp áóëî
âñòàíîâëåíî çíà÷íå çìåíøåííÿ êàë³ºâîãî ñòðóìó ÷åðåç BK-êàíàëè (²

ÂÊ
) ³çîëüîâàíèõ ÃÌÊ

äåòðóçîðà ùóð³â ³ç ñòðåïòîçîòîöèí³íäóêîâàíèì ä³àáåòîì ïîð³âíÿíî ç êîíòðîëüíèìè
òâàðèíàìè, à òàêîæ ïðèãí³÷åííÿ àìïë³òóäè òà ÷àñòîòè BK-îïîñåðåäêîâàíèõ ñïîíòàííèõ
òðàíç³ºíòíèõ âèõ³äíèõ ñòðóì³â (ÑÒÂÑ). Ïðè ä³àáåò³ ãóñòèíà ²

ÂÊ
, âèêëèêàíîãî äåïîëÿðèçàö³ºþ

ìåìáðàíè äî +50 ìÂ, ñòàíîâèëà 10,0 ïÀ/ïÔ ± 0,5 ïÀ/ïÔ (ó êîíòðîë³ 15,0 ïÀ/ïÔ ± 0,4 ïÀ/ïÔ),
ñåðåäí³ çíà÷åííÿ ÷àñòîòè é àìïë³òóäè ÑÒÂÑ ïðè ï³äòðèìóâàíîìó ïîòåíö³àë³ -20 ìÂ
çíèæóâàëèñÿ ç 12,0 ± 1,5 äî 2,4 Ãö ± 0,6 Ãö òà ç 0,9±0,1 äî 0,5 ïÀ/ïÔ ± 0,1 ïÀ/ïÔ â³äïîâ³äíî. Çà
äîïîìîãîþ ê³ëüê³ñíî¿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ ïîêàçàíî, ùî ïðè ä³àáåò³ çá³ëüøóºòüñÿ
åêñïðåñ³ÿ ìÐÍÊ îñíîâíî¿, ïîðîôîðìóâàëüíî¿ K

Ca
1.1-ñóáîäèíèö³ ÂÊ-êàíàëó òà çìåíøóºòüñÿ �

éîãî äîïîì³æíî¿ BK
Ca

β1-ñóáîäèíèö³. Çðîáëåíî âèñíîâîê, ùî âèÿâëåí³ çì³íè ó ñòðóìàõ ÷åðåç
BK-êàíàëè ïðè ä³àáåò³ ìîæóòü ï³äâèùóâàòè çáóäëèâ³ñòü ÃÌÊ äåòðóçîðà òà çóìîâëþâàòè
âèíèêíåííÿ ì³îãåííîãî ÑÃÀÑÌ. Îäíàê ïîòð³áí³ äîäàòêîâ³ äîñë³äæåííÿ òîãî, ÿêèì ÷èíîì
çíèæåííÿ åêñïðåñ³¿ BK

Ca
β1 ïîçíà÷àºòüñÿ íà ôóíêö³îíàëüíèõ âëàñòèâîñòÿõ ÂÊ-êàíàëó òà äëÿ

âñòàíîâëåííÿ òèïó ³ ñïðÿìîâàíîñò³ çì³í êàëüö³ºâèõ ñèãíàë³â, ùî âïëèâàþòü íà àêòèâàö³þ
öüîãî êàíàëó ïðè ä³àáåò³.
Êëþ÷îâ³ ñëîâà: ñå÷îâèé ì³õóð, äåòðóçîð, ãëàäåíüê³ ì�ÿçè, ä³àáåò, êàëüö³éçàëåæí³ êàë³ºâ³ êàíàëè,
ÂÊ-êàíàëè.
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ÂÑÒÓÏ

Ñåðåä áàãàòüîõ óñêëàäíåíü, ïîâ�ÿçàíèõ ³ç
ä³àáåòîì, ñïîíòàííå ñå÷îâèïóñêàííÿ çíà÷-
íî ïîã³ðøóº ÿê³ñòü æèòòÿ õâîðîãî, ùî çó-
ìîâëþº âàæëèâ³ñòü äîñë³äæåííÿ ìåõàí³ç-
ì³â ôîðìóâàííÿ öüîãî óñêëàäíåííÿ äëÿ
ðîçðîáêè åôåêòèâíèõ ìåòîä³â éîãî êîðåêö³¿.
Íèí³ äîáðå â³äîìèì º õîë³íåðã³÷íèé (ïàðà-
ñèìïàòè÷íèé) ìåõàí³çì ñêîðî÷åííÿ äåòðó-
çîðà (ãëàäåíüêîì�ÿçîâà òêàíèíà ñå÷îâîãî
ì³õóðà), à òîìó îñíîâíèì ë³êóâàííÿì ñïîí-
òàííîãî ñå÷îâèïóñêàííÿ º çàñòîñóâàííÿ
ñåëåêòèâíèõ àíòàãîí³ñò³â ìóñêàðèíîâèõ

M
3
-õîë³íîðåöåïòîð³â äåòðóçîðà òà áîòóëî-

òîêñèíó À, ÿêèé, çâ�ÿçóþ÷èñü ³ç ïðåñèíàï-
òè÷íèìè õîë³íåðã³÷íèìè íåðâîâèìè çàê³í-
÷åííÿìè, áëîêóº âèâ³ëüíåííÿ àöåòèëõîë³íó
³ç ñèíàïòè÷íèõ âåçèêóë [11]. Ïðîòå ö³ ïðå-
ïàðàòè ìàþòü çíà÷í³ ïîá³÷í³ ä³¿ .  Òîìó
àêòóàëüíèì çàëèøàºòüñÿ äåòàëüíå âèâ÷åí-
íÿ òàêîæ ³íøèõ ìåõàí³çì³â àêòèâàö³¿ òà
ðåãóëÿö³¿ ñêîðî÷åííÿ äåòðóçîðà ³ ïîøóê íà
¿õ îñíîâ³ íîâèõ ì³øåíåé äëÿ òåðàïåâòè÷íîãî
âòðó÷àííÿ. Êàëüö³éçàëåæí³ êàë³ºâ³ êàíàëè
âåëèêî¿ ïðîâ³äíîñò³ (BK-êàíàëè, â³äîì³ ùå
ÿê MaxiK, K

Ca
1.1, Slo1, KCNMA1) º îäíèì

³ç íàéá³ëüø øèðîêî ïðåäñòàâëåíèõ òèï³â
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êàë³ºâèõ êàíàë³â ó ìåìáðàí³ ãëàäåíüêî-
ì�ÿçîâèõ êë³òèí (ÃÌÊ) äåòðóçîðà, à ¿õ
àêòèâàö³ÿ º îñíîâíèì ìåõàí³çìîì ðåïîëÿ-
ðèçàö³¿ ìåìáðàíè ï³ä ÷àñ ãåíåðàö³¿ ïîòåí-
ö³àëó ä³¿ (ÏÄ) [2�4]. Ó ìèøåé ç íîêàóòî-
âàíèìè ïîðîôîðìóâàëüíîþ α-, àáî äîïî-
ì³æíîþ β-ñóáîäèíèöÿìè BK-êàíàë³â çá³ëü-
øåí³ ôàçí³ ñêîðî÷åííÿ äåòðóçîðà òà ñïîñòå-
ð³ãàºòüñÿ âèò³êàííÿ ñå÷³ [8, 10] � ñèìïòîìè,
ñõîæ³ ³ç ñèíäðîìîì ã³ïåðàêòèâíîãî ñå÷îâîãî
ì³õóðà (ÑÃÀÑÌ) ³ íåòðèìàííÿ ñå÷³ ëþäèíè.

Ìåòà ðîáîòè � âèÿâëåííÿ ìîæëèâèõ â³ä-
ì³ííîñòåé ó àêòèâàö³¿ òà åêïðåñ³¿ BK-êà-
íàë³â ó íîðìàëüíèõ ùóð³â ³ ùóð³â ç ä³àáåòîì
äëÿ âèêîðèñòàííÿ ôàðìàêîëîã³÷íî¿ êîðåêö³¿
ñïîíòàííîãî ñå÷îâèïóñêàííÿ ó ïåðñïåêòèâ³.

ÌÅÒÎÄÈÊÀ

Ìîäåëü ä³àáåòó ùóð³â. Óñ³ åêñïåðèìåíòè
íàä òâàðèíàìè ïðîâîäèëè â³äïîâ³äíî äî
íîðì ªâðîïåéñüêî¿ Êîíâåíö³¿ ³ç çàõèñòó
õðåáåòíèõ òâàðèí ïðè ¿õ âèêîðèñòàíí³ â
åêñïåðèìåíòàõ òà ³íøèõ íàóêîâèõ ö³ëÿõ
(Ñòðàñáóðã, 18 áåðåçíÿ 1986 ð. ETS N 123).
Ëàáîðàòîðíèõ ùóð³â ë³í³¿ Â³ñòàð ìàñîþ
150�200 ã óòðèìóâàëè íà ñòàíäàðòíîìó
ðàö³îí³ â³âàð³þ. Ä³àáåò ó òâàðèí âèêëèêàëè
îäíîðàçîâèì ³íòðàïåðèòîí³àëüíèì ââåäåí-
íÿì ðîç÷èíó ñòðåïòîçîòîöèíó (ÑÒÖ) («Sig-
ma-Aldrich»,  ÑØÀ) â 1 Ì öèòðàòíîìó
áóôåð³ (ðÍ 5,5) â äîç³ 45 ìã/êã. Ùóð³â
âèêîðèñòîâóâàëè â åêñïåðèìåíò³ ÷åðåç 8
òèæ ï³ñëÿ ³í�ºêö³¿, ÿêùî âì³ñò ãëþêîçè â
êðîâ³ ïåðåâèùóâàâ 250 ìã/ë ³ ïðè íàÿâíîñò³
³íøèõ îçíàê çàõâîðþâàííÿ.
²çîëÿö³ÿ ÃÌÊ äåòðóçîðà. Ùóð³â àíåñòå-
çóâàëè ïåíòàáàðá³òàëîì (500 ìã/êã) òà
äåêàï³òóâàëè.  Ï³ñëÿ ðîçòèíó ÷åðåâíî¿
ïîðîæíèíè ñå÷îâèé ì³õóð âèëó÷àëè òà
ïîì³ùàëè ó áåçêàëüö³ºâèé ðîç÷èí Êðåáñà
òàêîãî ñêëàäó (ììîëü/ë): NaCl � 135, KCl �
6, MgCl

2
 � 1,2, D-ãëþêîçà � 10, HEPES �

10;  pH 7 ,45  (äîâîäèëè çà  äîïîìîãîþ
NaOH). Ñå÷îâèé ì³õóð ðîçð³çàëè íà ñìóæ-
êè, ÿê³ ìåõàí³÷íî î÷èùàëè â³ä óðîòåë³þ.

²çîëüîâàí³ ÃÌÊ äåòðóçîðà îòðèìóâàëè
³íêóáàö³ºþ â 1 ìë áåçêàëüö³ºâîãî ðîç÷èíó
Êðåáñà ç äîäàâàííÿì 1 ìã êîëàãåíàçè (Type
XI, «Sigma-Aldrich», ÑØÀ) ³ 0,2 ìã ïðîòåàçè
(«Protease Calbiochem», ÑØÀ). ²íêóáàö³þ
ïðîâîäèëè ïðè 36o Ñ ïðîòÿãîì 35 õâ. Ï³ñëÿ
ôåðìåíòàòèâíî¿ îáðîáêè ñìóæêè â³äìèâàëè
â³ä ôåðìåíò³â áåçêàëüö³ºâèì ðîç÷èíîì
Êðåáñà, ðîçð³çàëè íà øìàòî÷êè òà ïîäð³á-
íþâàëè ïàñòåð³âñüêîþ ï³ïåòêîþ äî îòðè-
ìàííÿ ñóñïåíç³¿ êë³òèí, ÿêó ïîò³ì ïîì³ùàëè
â õîëîäèëüíèê.
Åëåêòðîô³ç³îëîã³÷í³ äîñë³äæåííÿ. Ðåºñòðà-
ö³¿ ³îííèõ ñòðóì³â ³çîëüîâàíèõ ÃÌÊ äåòðó-
çîðà ïðîâîäèëè ç âèêîðèñòàííÿì ìåòîäó
patch-clamp ó êîíô³ãóðàö³¿ �ö³ëà êë³òèíà� â
ðåæèì³ ô³êñàö³¿ ïîòåíö³àëó ïðè ê³ìíàòí³é
òåìïåðàòóð³ (20�23 oÑ). Àïàðàòíà ÷àñòèíà
óñòàíîâêè ñêëàäàëàñÿ ç  ³íâåðòîâàíîãî
ì³êðîñêîïà �Olympus�, åëåêòðîô³ç³îëîã³÷-
íîãî ï³äñèëþâà÷à «Axopatch 200B», ³íòåð-
ôåéñ Digidata 1300 (îáèäâà ïðèñòðî¿ â³ä
ô³ðìè «Axon Instruments, Inc.», ÑØÀ) òà
ïåðñîíàëüíîãî êîìï�þòåðà. Óïðàâë³ííÿ
åêñïåðèìåíòîì ò à  àíàë ³ ç  ðå çóëüòàò ³â
çàáåçïå÷óâàëèñÿ ïðîãðàìíèì ïàêåòîì
pClamp 8.0  («Axon Ins t ruments ,  Inc .» ,
ÑØÀ). Â³äâ³äí³ ì³êðîï³ïåòêè âèãîòîâëÿëè
³ç áîðîñèë³êàòíîãî ñêëà («WPI», ÑØÀ) íà
ïðîãðàìîâàí³é ãîðèçîíòàëüí³é âèòÿæö³
(«Sutter Instruments», ÑØÀ). Îï³ð ì³êðîï³-
ïåòîê áóâ ó ä³àïàçîí³ 5�7 ÌÎì ïðè ¿õ
çàïîâíåíí³ áàçîâèì âíóòð³øíüîêë³òèííèì
ðîç÷èíîì òàêîãî ñêëàäó (ììîëü/ë): KCl �
140, HEPES � 10, ÅÃÒÀ � 0,3, MgÀÒÔ � 1;
pH 7,3 (äîâîäèëè NaOH). Çîâí³øíüîêë³òèí-
íèé ðîç÷èí Êðåáñà ì³ñòèâ (ììîëü/ë): NaCl �
135, KCl � 6, CaCl

2
 � 5, MgCl

2
 � 2,5, D-

ãëþêîçà � 10, HEPES � 10; pH 7,45 (äîâî-
äèëè NaOH).

Äëÿ óñóíåííÿ ðîçá³æíîñòåé ó çíà÷åííÿõ
âèì³ðþâàëüíèõ ñòðóì³â,  ïîâ�ÿçàíèõ ³ç
ðîçì³ðîì ÃÌÊ, ¿õ ïðè ïîð³âíÿíí³ íîðìóâàëè
çà ºìí³ñòþ ìåìáðàíè êë³òèíè äëÿ îòðèìàí-
íÿ  ãóñòèíè  ñòðóìó  â  ï ³êîàìïåðàõ  íà
ï³êîôàðàäè.

Çì³íè êàëüö³éçàëåæíî¿ êàë³ºâî¿ ïðîâ³äíîñò³ ³çîëüîâàíèõ ãëàäåíüêîì�ÿçîâèõ êë³òèí
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Ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ (ÏËÐ) ³ç
çâîðîòíîþ òðàíñêðèïö³ºþ. Ïðîöåäóðà
ïðîâåäåííÿ ê³ëüê³ñíî¿ ÏËÐ ó ðåàëüíîìó
÷àñ³ íå â³äð³çíÿëàñÿ â³ä îïèñàíî¿ ðàí³øå [1].
Äëÿ çâîðîòíî¿ òðàíñêðèïö³¿ âèêîðèñòîâóâàëè
ñóìàðíó ÐÍÊ, âèä³ëåíó ç î÷èùåíîãî â³ä
óðîòåë ³þ äåò ðó çîðà  ñå÷îâîãî  ì³õóðà
êîíòðîëüíèõ ùóð³â ³ ùóð³â ç ä³àáåòîì. Ç
îòðèìàíî¿ êÄÍÊ àìïë³ô³êóâàëè ôðàãìåíòè,
ùî íàëåæàòü êÄÍÊ îñíîâíî¿ ïîðîôîðìó-
âàëüíî¿ α-ñóáîäèíèö³ (K

Ca
1.1) òà äîïî-

ì³æíî¿ β1-ñóáîäèíèö³ (BK
Ca

β1) ÂÊ-êàíàëó
ãëàäåíüêîì�ÿçîâîãî òèïó, à òàêîæ β-àêòèíó.
Îñòàíí³é áóâ âíóòð³øí³ì êîíòðîëåì, äî
ÿêîãî íîðìóâàëè çíà÷åííÿ âñ³õ  ð³âí³â
åêñïðåñ³¿. Àìïë³ô³êàö³éíà ñóì³ø ñêëàäà-
ëàñÿ ç äâîêðàòíî¿ ÏËÐ-ñóì³ø³ SYBR-Green
PCR MasterMix (�Applied Biosystems�,
ÑØÀ), 5 ìêìîëü/ë ðîç÷èíó ñóì³ø³ ïðÿìîãî
òà çâîðîòíîãî ïðàéìåð³â, 2 ìêë êÄÍÊ. ÏËÐ
çä³éñíþâàëè ó òåðìîöèêëåð³ 7500 Fast Real-
Time PCR System («Applied Biosystems»,
ÑØÀ) çà ïðîãðàìîþ: 94 °Ñ (10 ñ), 65 °Ñ
(60 ñ) ïðîòÿãîì 45�50 öèêë³â. Ó ðåàêö³ÿõ
àìïë³ô³êàö³¿ âèêîðèñòîâóâàëè ïðàéìåðè,
ñïåöèô³÷í³ äî êÄÍÊ K

Ca
1.1 òà BK

Ca
β1 ùóðà

(íîìåðè äîñòóïó Ãåíáàíêó (NM_031828.1òà
NM_019273.1 â³äïîâ³äíî), ÿê³ áóëè âàë³äî-
âàí³  â  ïîïåðåäí³õ  äîñë³äæåííÿõ [12] .
Ïðàéìåðè K

Ca
1.1 ìàëè òàêó ïîñë³äîâí³ñòü:

K
Ca

1.1 ïðÿìèé 5'- tacttcaatgacaatatcctcac
cct-3',  K

Ca
1.1 çâîðîòíèé � 5'-ACCATAA

CAACCACCATCCCCTAAG-3', à BK
Ca

β1:
BK

Ca
β1 ïðÿìèé 5'-TGAAAGCACTGCTA

CTCTTCAGC-3' ,  BK
Ca

β1 çâîðîòíèé 5 ' -
GTATCACACAGAAGACACTCGGGA-3'.
Äëÿ âèçíà÷åííÿ ê³ëüêîñò³ β-àêòèíó âèêîðèñ-
òîâóâàëè ïðàéìåðè: ïðÿìèé 5'-catccatgcc
ctgagtcc-3 ' ,  çâîðîòíèé 5 '-acacctcaaacca
ctcccag-3'.

Â³çóàë³çàö³þ àìïë³êîí³â ï³ñëÿ ãîðèçîí-
òàëüíîãî åëåêòðîôîðåçó ó 3%-ìó àãàðîç-
íîìó ãåë³ ç äîäàâàííÿì áðîìèñòîãî åòèä³þ
çä³éñíþâàëè çà äîïîìîãîþ òðàíñ³ëþì³-
íàòîðà ViTran («Á³îêîì», Ðîñ³ÿ). Ê³ëüê³ñíó
îö³íêó åêñïðåñ³¿ òà îáðîáêó ðåçóëüòàò³â
ïðîâîäèëè ç âèêîðèñòàííÿì ïðîãðàìíîãî

çàáåçïå÷åííÿ 7500 Fast System SDS Soft-
ware 1.3.1 (�Applyied biosystems�, ÑØÀ).
Ñòàòèñòèêà. Êîæåí åêñïåðèìåíò ïðîâî-
äèëè äåê³ëüêà ðàç³â. Åëåêòðîô³ç³îëîã³÷í³
ðåçóëüòàòè îáðîáëÿëè çà äîïîìîãîþ ïðî-
ãðàìíèõ ïàêåò³â pClamp 8.0 òà Origin 7.0
(�Origin Lab. Corp.�, ÑØÀ). ¯õ ïðåäñòàâ-
ëÿëè ÿê ñåðåäíº çíà÷åííÿ ± ñòàíäàðòíå
â³äõèëåííÿ ³ç ïîçíà÷åííÿì ó äóæêàõ ê³ëü-
êîñò³ êë³òèí, íà ÿêèõ âîíè áóëè îòðèìàí³.
Äëÿ îö³íêè äîñòîâ³ðíîñò³  âèçíà÷åíèõ
â³äì³ííîñòåé âèêîðèñòîâóâàëè äâîõñòîðîí-
í³é, íåïàðíèé t-òåñò; â³äì³ííîñò³ ç Ð<0,05
ââàæàëè äîñòîâ³ðíèìè.

ÐÅÇÓËÜÒÀÒÈ

Îñîáëèâ³ñòþ ÃÌÊ, ³çîëüîâàíèõ ç äåòðóçîðà
ùóð³â ç ä³àáåòîì, áóëà çíà÷íî âèùà ºìí³ñòü
¿õ ìåìáðàíè (34 ïÔ ± 6 ïÔ, n=10) ïîð³âíÿíî
ç êîíòðîëåì (27 ïÔ ± 5 ïÔ, n=10), ùî âêàçóº
íà çíà÷íó ã³ïåðòðîô³þ ÃÌÊ äåòðóçîðà ïðè
ä³àáåò³.
Âïëèâ ä³àáåòó íà âèõ³äíèé êàë³ºâèé ñòðóì,
àêòèâîâàíèé äåïîëÿðèçàö³ºþ. Çàãàëîì
ñòðóìè ó â³äïîâ³äü íà äåïîëÿðèçàö³þ ÃÌÊ
ÿê íîðìàëüíèõ, òàê ³  ùóð³â ç ä³àáåòîì
ñêëàäàëèñÿ  ç  íåâåëèêîãî  ïî÷àòêîâîãî
âõ³äíîãî êîìïîíåíòà, ÿêèé ç ÷àñîì çì³íþ-
âàâñÿ íà ïîòóæíèé âèõ³äíèé êàë³ºâèé (ðèñ.
1). Âõ³äíèé êîìïîíåíò ñòðóìó çíà÷íîþ
ì³ðîþ ìàñêóâàâñÿ ÿê äîñèòü òðèâàëèì
ïåðåçàðÿäîì ºìíîñò³ ìåìáðàíè ÃÌÊ, òàê ³
àêòèâàö³ºþ ïðîòèëåæíî ñïðÿìîâàíîãî
êàë³ºâîãî ñòðóìó. Éîãî äîâîë³ ïîâ³ëüíà
ê³íåòèêà (ïîð³âíÿíî ç ïîòåíö³àëçàëåæíèì
íàòð³ºâèì), íåâåëèêà àìïë³òóäà òà ä³àïàçîí
ìåìáðàííèõ ïîòåíö³àë³â (V

m
), â ÿêèõ â³í

íàéá³ëüøå ïðîÿâëÿâñÿ (-30 � 0 ìÂ), âêàçó-
âàëè íà éîãî êàëüö³ºâó ïðèðîäó.

Âèõ³äíèé êàë³ºâèé ñòðóì ïðîãðåñèâíî
çá³ëüøóâàâñÿ ç ï³äâèùåííÿì äåïîëÿðèçàö³¿,
à ïðè ñòàëîìó ¿¿ çíà÷åíí³ â ä³àïàçîí³ 0 �
+50 ìÂ éîãî àìïë³òóäà çàçíàâàëà çíà÷íèõ
ôëóêòóàö³é. Â³äîìî, ùî ÃÌÊ äåòðóçîðà
åêñïðåñóþòü íèçêó êàë³ºâèõ êàíàë³â ³
â³äïîâ³äíèõ ¿ì ñòðóì³â [3], à ôëóêòóàö³¿
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âèõ³äíîãî ñòðóìó ìîæóòü áóòè çóìîâëåí³
íàêëàäàííÿì ñïîíòàííèõ òðàíç³ºíòíèõ
âèõ³äíèõ ñòðóì³â (ÑÒÂÑ) âíàñë³äîê àêòèâà-
ö³¿ ÂÊ-êàíàë³â [5]. Ï³äòâåðäæåííÿì òîãî,
ùî ÂÊ-êàíàëè ðîáëÿòü çíà÷íèé âíåñîê ó
çàãàëüíèé âèõ³äíèé êàë³ºâèé ñòðóì ÃÌÊ
äåòðóçîðà ÿê íîðìàëüíèõ, òàê ³ ùóð³â ç
ä ³àáåòîì áóâ òîé ôàêò,  ùî öåé ñòðóì
ïðèãí³÷óâàâñÿ íà 90 % â³äîìèì áëîêàòîðîì
ÂÊ-êàíàë³â ïàêñèë³íîì (5 ìêìîëü/ë).

Íàâ³òü ïîâåðõíåâå ïîð³âíÿííÿ ãóñòèíè
âèõ³äíîãî êàë³ºâîãî ñòðóìó íîðìàëüíèõ
ùóð³â ³  ùóð³â ç ä³àáåòîì (äèâ. ðèñ. 1)
âêàçóâàëî íà òå, ùî â îñòàíí³õ â³í ïîì³òíî
ìåíøèé. Äëÿ ê³ëüê³ñíî¿ îö³íêè â³äì³ííîñòåé
âèêîðèñòîâóâàëè çíà÷åííÿ ñòðóì³â ó ê³íö³
äåïîëÿðèçóâàëüíîãî ³ìïóëüñó äî +50 ìÂ
òðèâàë³ñòþ 200 ìñ. ßêùî â öåé ìîìåíò
ñïîñòåð³ãàëàñÿ ãåíåðàö³ÿ ÑÒÂÑ, òî áðàëè
çíà÷åííÿ ñòðóìó äî ¿õ âèíèêíåííÿ. Âèÿâè-
ëîñÿ, ùî ÿêùî â êîíòðîë³ ñåðåäíÿ ãóñòèíà
âèõ³äíîãî  êà ë ³ºâîãî  ñòðóì ó,  ÿêèé,  ÿê
âèïëèâàº ³ç éîãî ÷óòëèâîñò³ äî ïàêñèë³íó,
íà 90 % ïåðåíîñèòñÿ ÷åðåç ÂÊ-êàíàëè,
ñòàíîâèòü 15,0 ïÀ/ïÔ ± 0,4 ïÀ/ïÔ (n=10),

òî ïðè ä³àáåò³ âîíà çìåíøóºòüñÿ äî 10,0
ïÀ/ïÔ ± 0,5 ïÀ/ïÔ (n=10; ðèñ. 2,à). Òàêèì
÷èíîì ä³àáåò ïðèçâîäèòü äî çìåíøåííÿ
ñòðóìó ÷åðåç ÂÊ-êàíàëè, àêòèâîâàíîãî
äåïîëÿðèçàö³ºþ, ïðèáëèçíî íà 33 %.
Âïëèâ ä³àáåòó íà ÑÒÂÑ. Ó ðàç³  ï³äòðè-
ìóâàíèõ ïîòåíö³àë³â (V

h
) ó ä³àïàçîí³ -30 �

0 ìÂ ÃÌÊ äåòðóçîðà ãåíåðóâàëè ÑÒÂÑ.
Çàãàëîì îñíîâíèì ìåõàí³çìîì ¿õ âèíèê-
íåííÿ â ÃÌÊ ð³çíèõ òèï³â º ñïîíòàíí³
âèâ³ëüíåííÿ Ñà2+ ³ç ï³äñàðêîëåìàëüíèõ
ä³ëÿíîê ñàðêîïëàçìàòè÷íîãî ðåòèêóëóìà
(êàëüö³ºâ³ ñïàëàõè) òà àêòèâàö³¿ â ðåçóëü-
òàò³ öüîãî êàëüö³éçàëåæíèõ ÂÊ-êàíàë³â [6].
Íà ðèñ.  3 íàâåäåíî ïðèêëàäè òèïîâèõ
çàïèñ³â ÑÒÂÑ ïðè V

h 
= -20 ìÂ â ÃÌÊ

äåòðóçîðà êîíòðîëüíûõ òâàðèí ³ òâàðèí ç
åêñïåðèìåíòàëüíèì ä³àáåòîì. Àìïë³òóäè
ÑÒÂÑ áóëè  ïðîíîðìîâàí³  äî  çíà÷åíü
ºìíîñò³ ìåìáðàíè â³äïîâ³äíèõ êë³òèí.
Îäðàçó  â ³äçíà÷àºìî  â ³äì³ííî ñò ³  ÿê  ó
àìïë³òóä³, òàê ³ ó ÷àñòîò³ âèíèêíåííÿ ÑÒÂÑ.
Ê³ëüê³ñíèé àíàë³ç  åêñïåðèìåíòàëüíèõ
çàïèñ ³â  ïîêàçàâ ,  ùî  àìïë³òóäà  ÑÂÒÑ
çìåíøóâàëàñÿ ³ç êîíòðîëüíîãî çíà÷åííÿ 0,9

Ðèñ. 1. Çìåíøåííÿ ãóñòèíè àêòèâîâàíîãî äåïîëÿðèçàö³ºþ çàãàëüíîãî êàë³ºâîãî ñòðóìó ³çîëüîâàíèõ ãëàäåíüêîì�ÿçîâèõ
êë³òèí (ÃÌÊ) äåòðóçîðà: à � êîíòðîëüí³ ùóðè, á � ùóðè ç ä³àáåòîì ³ ïðîòîêîë ñòèìóëÿö³¿; öèôðè á³ëÿ çàïèñ³â
ñòðóìó â³äïîâ³äàþòü ìåìáðàííîìó ïîòåíö³àëó; ôëóêòóàö³¿ âèõ³äíèõ êàë³ºâèõ ñòðóì³â â³äîáðàæàþòü àêòèâí³ñòü
êàëüö³éçàëåæíèõ êàë³ºâèõ êàíàë³â âåëèêî¿ ïðîâ³äíîñò³; âåðòèêàëüíà êàë³áðîâêà ïîäàíà â îäèíèöÿõ ãóñòèíè ñòðóìó,
ùîá âðàõóâàòè ð³çíèöþ â ðîçì³ðàõ ÃÌÊ êîíòðîëüíèõ ùóð³â ³ ùóð³â ç ä³àáåòîì (ºìí³ñòü ìåìáðàíè ñòàíîâèòü 17 òà
26 ïÔ â³äïîâ³äíî)

à á

Çì³íè êàëüö³éçàëåæíî¿ êàë³ºâî¿ ïðîâ³äíîñò³ ³çîëüîâàíèõ ãëàäåíüêîì�ÿçîâèõ êë³òèí
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ïÀ/ïÔ ± 0,1 ïÀ/ïÔ (n=6) äî 0,5 ïÀ/ïÔ ± 0,1
ïÀ/ïÔ (n=5) ïðè ä³àáåò³, òîä³ ÿê ñåðåäíÿ
÷àñòîòà âèíèêíåííÿ ÑÂÒÑ çíèæóâàëàñÿ ç
12,0 Ãö ± 1,5 Ãö (n=6) ó êîíòðîë³ äî 2, 4 Ãö
± 0,6 Ãö (n=5) ïðè ä³àáåò³ (äèâ. ðèñ. 2, á,â).
Îòæå, ä³àáåò âèêëèêàâ ìàéæå äâîðàçîâå
çíèæåííÿ àìïë³òóäè òà çìåíøåííÿ ÷àñòîòè

âèíèêíåííÿ ÑÂÒÑ ïðèáëèçíî ó 5 ðàç³â
ïîð³âíÿíî ç êîíòðîëåì.
Âïëèâ ä³àáåòó íà åêñïðåñ³þ ñóáîäèíèöü
ÂÊ-êàíàë³â. Îäí³ºþ ç ïðè÷èí ïðèãí³÷åííÿ
ñòðóì³â ÷åðåç ÂÊ-êàíàëè â ÃÌÊ äåòðóçîðà
ùóð³â ïðè ä³àáåò³ ìîæå áóòè çìåíøåííÿ
åêñïðåñ³¿ ñóáîäèíèöü, ùî óòâîðþþòü ö³
êàíàëè. Ç òî÷êè çîðó ìîëåêóëÿðíî¿ ñòðóê-
òóðè ÂÊ-êàíàëè � öå ãåòåðîîêòàìåðè, ùî
ñêëàäàþòüñÿ ç ÷îòèðüîõ ïîðîôîðìóâàëüíèõ
α-ñóáîäèíèöü (ïîçíà÷åííÿ K

Ca
1.1, ãåí KCN-

MA1) ³ ÷îòèðüîõ äîïîì³æíèõ β-ñóáîäèíèöü,
ÿê³ ìîäóëþòü ôóíêö³îíàëüí³ âëàñòèâîñò³
êàíàëó [9]. Ç ÷îòèðüîõ â³äîìèõ ³çîôîðì β-
ñóáîäèíèöü (BK

Ca
β1-4, ãåíè KCNMB1�4)

ñïåöèô³÷íîþ äëÿ ãëàäåíüêîì�ÿçîâî¿ òêàíè-
íè çàãàëîì ³  äî ÃÌÊ ñå÷îâîãî ì³õóðà
çîêðåìà º BK

Ca
β1 [9, 10]. Îñíîâíà ðîëü

BK
Ca

β1-ñóáîäèíèö³ ïîëÿãàº ó ñòàá³ë³çàö³¿
â³äêðèòîãî ñòàíó êàíàëó, ï³äâèùåíí³ éîãî
ïîòåíö³àë- òà Ñà2+-÷óòëèâîñò³ [7,  9],  à
òàêîæ ó ðåãóëÿö³¿ ïîâåðõíåâî¿ åêñïðåñ³¿
[13]. Ùîá âèçíà÷èòè íàñê³ëüêè âèÿâëåíå
íàìè ïðèãí³÷åííÿ ñòðóìó ÷åðåç ÂÊ-êàíàëè
ìîæå áóòè ïîâ�ÿçàíå ç³ çì³íîþ â åêñïðåñ³¿
ñóáîäèíèöü ìè ïîð³âíÿëè ð³âí³ åêñïðåñ³¿
ìÐÍÊ K

Ca
1 .1  ò à  BK

Ca
β1  ó  ãëàäåíüêèõ

ì�ÿçàõ äåòðóçîðà íîðìàëüíèõ ùóð³â ³ ùóð³â
ç ä³àáåòîì çà äîïîìîãîþ ÏËÐ ó ðåàëüíîìó
÷àñ³. Ðåçóëüòàòè âèÿâèëèñÿ äîâîë³ ñêëàä-
íèìè äëÿ ³íòåðïðåòàö³¿, îñê³ëüêè ïîêàçàëè,
ùî ïðè ä³àáåò³,  ç îäíîãî áîêó, ñïîñòå-
ð³ãàºòüñÿ çðîñòàííÿ ìÐÍÊ K

Ca
1.1 ìàéæå ó

20 ðàç³â, à ç ³íøîãî � ÷îòèðèðàçîâå çìåí-
øåííÿ åêñïðåñ³¿ ìÐÍÊ BK

Ca
β1 (äèâ. ðèñ.

3 ,  ã,ä ) .  ×è  çìîæå çíèæåííÿ  åêñïðå ñ ³ ¿
ìîäóëþâàëüíî¿ β-ñóáîäèíèö³ âèÿâèòèñÿ
ïðåâàëþþ÷èì çà ñâî¿ì íåãàòèâíèì âïëèâîì
íà âåëè÷èíó ÂÊ-ñòðóì³â  ïîð³âíÿíî ç ³
çðîñòàííÿì åêñïðåñ³¿ α-ñóáîäèíèö³ ³ òàêèì
÷èíîì ïîÿñíèòè ïðèãí³÷åííÿ ñòðóì³â ÷åðåç
ÂÊ-êàíàëè ÃÌÊ-äåòðóçîðà ïðè ä³àáåò³ ïîêè
çàëèøàºòüñÿ íåÿñíèì.

Ðèñ. 2. Âïëèâ ä³àáåòó íà ñòðóìè òà åêñïðåñ³þ ñóáîäèíèöü
êàëüö³éçàëåæíèõ êàë³ºâèõ êàíàë³â âåëèêî¿ ïðîâ³äíîñò³
â ³çîëüîâàíèõ ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ (ÃÌÊ)
äåòðóçîðà ùóðà. Íàâåäåíî ñåðåäí³ çíà÷åííÿ (±
ñòàíäàðòíà ïîõèáêà, n=4-5 äëÿ êîæíîãî äîñë³äó) ãóñòèíè
çàãàëüíîãî êàë³ºâîãî ñòðóìó, àêòèâîâàíîãî äåïî-
ëÿðèçàö³ºþ (à), ÷àñòîòè (á) òà àìïë³òóäè (â) ñïîíòàííèõ
òðàíç³ºíòíèõ âèõ³äíèõ ñòðóì³â, à òàêîæ â³äíîñíèõ ð³âí³â
åêñïðåñ³¿ ìÐÍÊ K

Ca
1.1 α- (ã) òà β-ñóáîäèíèöÿ (ä) â

³çîëüîâàíèõ ÃÌÊ äåòðóçîðà êîíòðîëüíèõ ùóð³â (1) òà
ùóð³â ç ä³àáåòîì (2)

â

á

ä

ã

à
1 2

nA/ïÔ Ãö

â³äí. îä.nA/ïÔ

â³äí. îä.
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ÎÁÃÎÂÎÐÅÍÍß

Ïðîâåäåí³ íàìè äîñë³äæåííÿ ñâ³ä÷àòü ïðî
ñóòòºâå ïðèãí³÷åííÿ ôóíêö³¿ ÂÊ-êàíàë³â
ÃÌÊ äåòðóçîðà ùóð³â ïðè ä³àáåò³ ÿê íà ð³âí³
ìàêðîñòðóì³â, âèêëèêàíèõ äåïîëÿðèçàö³ºþ,
òàê ³ íà ð³âí³ ãåíåðàö³¿ ÑÂÒÑ. Ðåçóëüòàòîì
ïðèãí³÷åííÿ ÂÊ-êàíàë³â, ç îäíîãî áîêó, º
çíèæåííÿ ïîòåíö³àëó ñïîêîþ ÃÌÊ äåòðó-
çîðà âíàñë³äîê çìåíøåííÿ âíåñêó ÑÂÒÑ ó
áàçàëüíó êàë³ºâó ïðîâ³äí³ñòü, à ç ³íøîãî �
óïîâ³ëüíåííÿ ðåïîëÿðèçàö³ ¿  ÏÄ, ùî ó
ñóêóïíîñò³ ïîñèëþº çáóäëèâ³ñòü ÃÌÊ.

ÂÊ-êàíàë ïîºäíóº ó ñîá³ âëàñòèâ³ñòü
ïîòåíö³àëçàëåæíîñò³ ÷åðåç íàÿâí³ñòü ó éîãî
ñêëàä³ îñíîâíî¿ ïîðîôîðìóâàëüíî¿ α-ñóá-
îäèíèö³ S4-ñåíñîðà ïîòåíö³àëó òà êàëüö³ºâî¿
çàëåæíîñò³, ùî çóìîâëþºòüñÿ íàÿâí³ñòþ â
Ñ-òåðì³íàëüí³é ÷àñòèí³  α -ñóáîäèíèö³
êàëüö³éçâ�ÿçóâàëüíîãî äîìåíó [9]. Êð³ì
òîãî, ó ñêëàä³ ÂÊ-êàíàëó º ìîäóëÿòîðíà β1-
ñóáîäèíèöÿ, ÿêà ñòàá³ë³çóº â³äêðèòèé ñòàí,
ï³äâèùóº ïîòåíö³àë- ³  Ñà2+-÷óòëèâ³ñòü
êàíàëó, à òàêîæ âïëèâàº íà éîãî ëîêàë³çàö³þ
â ïëàçìàòè÷í³é ìåìáðàí³ [7, 9, 13]. Òàêèì
÷èíîì, â îñíîâ³ çìåíøåííÿ ÂÊ-ñòðóìó ïðè
ä³àáåò³  ìîæóòü ëåæàòè ïðèíàéìí³ òðè

ïðè÷èíè: 1) çìåíøåííÿ åêñïðåñ³¿ K
Ca

1.1 α-
ñóáîäèíèö³, 2) çíèæåííÿ éìîâ³ðíîñò³ â³äêðè-
òîãî ñòàíó êàíàëó òà éîãî ìåáðàííîãî ñêå-
ðóâàííÿ âíàñë³äîê çìåíøåííÿ åêñïðåñ³¿
BK

Ca
β1 òà/àáî 3) çì³íè â êàëüö³ºâ³é ñèãíà-

ë³çàö³¿ ÃÌÊ äåòðóçîðà, ÿê³ ïîñëàáëþþòü
êàëüö³éçàëåæíó àêòèâàö³þ ÂÊ-êàíàëó.
Ïåðøó ïðè÷èíó ìîæíà â³äêèíóòè, îñê³ëüêè
íàø³ ðåçóëüòàòè ïîêàçóþòü íå çìåíøåííÿ,
à íàâïàêè, ñóòòºâå çá³ëüøåííÿ åêñïðåñ³¿
ìÐÍÊ K

Ca
1.1 ïðè ä³àáåò³. Îäíàê âèÿâëåí³

íàìè ïðîòèëåæí³ çì³íè â åêñïðåñ³¿ îñíîâíî¿
K

Ca
1.1- òà äîïîì³æíî¿ BK

Ca
β1-ñóáîäèíèö³

ïîêè íå äàþòü çìîãè ç óïåâíåí³ñòþ ãîâî-
ðèòè, ÿê îñòàòî÷íî âîíè ìîæóòü ïîçíà-
÷èòèñÿ íà ðîçì³ð³ ñòðóìó. Ìîæëèâî, ùî äëÿ
îïòèìàëüíî¿ ìîäóëÿö³¿ ÿê ôóíêö³îíàëüíèõ
âëàñòèâîñòåé ÂÊ-êîìïëåêñó, òàê ³ éîãî
ìåìáðàííî¿ ëîêàë³çàö³¿ ïîòð³áíà ïåâíà
ïðîïîðö³ÿ α- ³ β-ñóáîäèíèöü. Ó çâ�ÿçêó ç
öèì çàçíà÷èìî, ùî çà íàøèìè ðåçóëü-
òàòàìè, ÿêùî ó íîðì³ ó ÃÌÊ äåòðóçîðà
ñïîñòåð³ãàºòüñÿ ïðèáëèçíî â 100 ðàç³â ïåðå-
âèùåííÿ ê³ëüêîñò³  ìÐÍÊ BK

Ca
β1 ùîäî

K
Ca

1.1, òî ïðè ä³àáåò³ âîíî çíèæóºòüñÿ
ïðèáëèçíî äî 7 ðàç³â (äèâ. ðèñ. 2, ã,ä).
Éìîâ³ðíî, ùî çá³ëüøåííÿ åêñïðåñ³¿ ìÐÍÊ

Ðèñ. 3. Ñïîíòàíí³ òðàíç³ºíòí³ âèõ³äí³ êàë³ºâ³ ñòðóìè â ³çîëüîâàíèõ ãëàäåíüêîì�ÿçîâèõ êë³òèíàõ (ÃÌÊ) äåòðóçîðà
ùóðà ïðè ï³äòðèìóâàíîìó ïîòåíö³àë³ -20 ìÂ, êîíòðîëüíèõ ùóð³â (à) òà ùóð³â ³ç ä³àáåòîì (á); âåðòèêàëüíà êàë³áðîâêà �
ãóñòèíà ñòðóìó; ºìí³ñòü «êîíòðîëüíî¿» ÃÌÊ ñòàíîâèòü 25, à «ä³àáåòè÷íî¿» � 36 ïÔ

à á

Çì³íè êàëüö³éçàëåæíî¿ êàë³ºâî¿ ïðîâ³äíîñò³ ³çîëüîâàíèõ ãëàäåíüêîì�ÿçîâèõ êë³òèí
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ïîðîôîðìóâàëüíî¿ K
Ca

1.1-ñóáîäèíèö³ º
êîìïåíñàòîðíîþ â³äïîâ³ääþ íà â³äñóòí³ñòü
ôóíêö³îíàëüíîãî êàíàëó ó ìåìáðàí³ ïðè
ä³àáåò³ .  Îñòàííÿ ìîæå áóòè íàñë³äêîì
çìåíøåííÿ åêñïðåñ³¿ BK

Ca
β1 àáî ïîðóøåííÿ

íîðìàëüíî¿ òðàíñëÿö³¿ á³ëêà, íàïðèêëàä, ï³ä
âïëèâîì ïåâíèõ ì³êðîÐÍÊ. Íåîáõ³äí³
äîäàòêîâ³ äîñë³äæåííÿ äëÿ âèçíà÷åííÿ, ÿê
ñï³ââ³äíîøåííÿ â åêñïðåñ³¿ K

Ca
1.1 ³ BK

Ca
β1

ïîçíà÷àºòüñÿ íà ìåìáðàíí³é ëîêàë³çàö³¿ òà
éìîâ³ðíîñò³ â³äêðèòîãî ñòàíó ÂÊ-êàíàëó, à
òàêîæ äëÿ âñòàíîâëåííÿ òèïó òà ñïðÿìî-
âàíîñò³ çì³í ó êàëüö³ºâèõ ñèãíàëàõ, ùî
âïëèâàþòü íà àêòèâàö³þ êàíàëó ïðè ä³àáåò³.

Îòæå, íàø³ ðåçóëüòàòè ïîêàçóþòü, ùî
êîìïîíåíòè ìîëåêóëÿðíî¿ áóäîâè òà/àáî
Ca2+- ³ ïîòåíö³àëçàëåæíî¿ àêòèâàö³¿ ÂÊ-
êàíàëó ìîæíà ðîçãëÿäàòè ÿê ïîòåíö³éí³
ì³øåí³ äëÿ ðîçðîáêè ë³êàðñüêèõ çàñîá³â ó
ë³êóâàíí³ ñèíäðîìó ã³ïåðçáóäëèâîãî ñå÷î-
âîãî ì³õóðà ïðè ä³àáåò³.

Ä.À. Êðûøòàëü, Î.Í. Ïàäóðàðó,
À.È. Áîëäûðåâ, Î.Þ. Êîò, Â.Â. Ðåêàëîâ
ß.Ì. Øóáà

ÈÇÌÅÍÅÍÈß ÊÀËÜÖÈÉÇÀÂÈÑÈÌÎÉ
ÊÀËÈÅÂÎÉ ÏÐÎÂÎÄÈÌÎÑÒÈ
ÈÇÎËÈÐÎÂÀÍÍÛÕ ÃËÀÄÊÎÌÛØÅ×ÍÛÕ
ÊËÅÒÎÊ ÌÎ×ÅÂÎÃÎ ÏÓÇÛÐß ÊÐÛÑ
ÏÐÈ ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÌ ÄÈÀÁÅÒÅ

Àêòèâàöèÿ êàëüöèéçàâèñèìûõ êàëèåâûõ êàíàëîâ áîëüøîé
ïðîâîäèìîñòè (BK-êàíàëû) âëèÿåò íà ðåïîëÿðèçàöèþ
ìåìáðàíû âî âðåìÿ ãåíåðàöèè ïîòåíöèàëà äåéñòâèÿ è íà
ïîòåíöèàë ïîêîÿ ãëàäêîìûøå÷íûõ êëåòîê (ÃÌÊ) äåòðó-
çîðà. Îäíèì èç îñëîæíåíèé äèàáåòà ÿâëÿåòñÿ ñèíäðîì
ãèïåðàêòèâíîãî ìî÷åâîãî ïóçûðÿ (ÑÃÀÌÏ). Ñ èñïîëü-
çîâàíèåì ìåòîäà patch-clamp áûëî óñòàíîâëåíî çíà÷è-
òåëüíîå óìåíüøåíèå êàëèåâîãî òîêà ÷åðåç BK-êàíàëû (²

ÂÊ
)

èçîëèðîâàííûõ ÃÌÊ äåòðóçîðà êðûñ ñî ñòðåïòîçîòî-
öèíèíäóöèðîâàííûì äèàáåòîì ïî ñðàâíåíèþ ñ êîíòðîëü-
íûìè æèâîòíûìè, à òàêæå óãíåòåíèå àìïëèòóäû è ÷àñòîòû
BK-îïîñðåäîâàííûõ ñïîíòàííûõ òðàíçèåíòíûõ âûõîäÿùèõ
òîêîâ (ÑÒÂÒ). Ïðè äèàáåòå ïëîòíîñòü ²

ÂÊ
, âûçâàííîãî

äåïîëÿðèçàöèåé ìåìáðàíû äî +50 ìÂ, áûëà 10,0 ïÀ/ïÔ ±
0,5 ïÀ/ïÔ (â êîíòðîëå 15,0 ïÀ/ïÔ ± 0,4 ïÀ/ïÔ), à ñðåäíèå
çíà÷åíèÿ ÷àñòîòû è àìïëèòóäû ÑÒÂÒ ïðè ïîääåðæèâàåìîì
ïîòåíöèàëå -20 ìÂ çíèæàëèñü ñ 12,0 ± 1,5 äî 2,4 Ãö ± 0,6 Ãö
è ñ 0,9 ± 0,1 äî 0,5 ïÀ/ïÔ ± 0,1 ïÀ/ïÔ ñîîòâåòñòâåííî. Ïðè
ïîìîùè êîëè÷åñòâåííîé ïîëèìåðàçíîé öåïíîé ðåàêöèè
ïîêàçàíî, ÷òî ïðè äèàáåòå âîçðàñòàåò ýêñïðåññèÿ ìÐÍÊ

îñíîâíîé, ïîðîôîðìèðóþùåé K
Ca

1.1-ñóáåäèíèöû ÂÊ-
êàíàëà è óìåíüøàåòñÿ � åãî âñïîìîãàòåëüíîé BK

Ca
β1-

ñóáúåäèíèöû. Ñäåëàí âûâîä î òîì, ÷òî âûÿâëåííûå
èçìåíåíèÿ â òîêàõ ÷åðåç BK-êàíàëû ïðè äèàáåòå ìîãóò
ïîâûøàòü âîçáóäèìîñòü ÃÌÊ äåòðóçîðà è îáóñëàâëèâàòü
âîçíèêíîâåíèå ìèîãåííîãî ÑÃÀÌÏ. Îäíàêî íåîáõîäèìû
äîïîëíèòåëüíûå èññëåäîâàíèÿ òîãî, êàêèì îáðàçîì
ñíèæåíèå ýêñïðåññèè BK

Ca
β1 ñêàçûâàåòñÿ íà ôóíêöèî-

íàëüíûõ ñâîéñòâàõ ÂÊ-êàíàëà, à òàêæå äëÿ îïðåäåëåíèÿ
òèïà è íàïðàâëåííîñòè èçìåíåíèé â êàëüöèåâûõ ñèãíàëàõ,
êîòîðûå âëèÿþò íà àêòèâàöèþ ýòîãî êàíàëà, ïðè äèàáåòå.
Êëþ÷åâûå ñëîâà: ìî÷åâîé ïóçûðü, äåòðóçîð, ãëàäêèå
ìûøöû, äèàáåò, êàëüöèéçàâèñèìûå êàëèâûå êàíàëû, ÂÊ-
êàíàëû.

D.À. Êrishtal, Î.M. Paduraru, Î.². Boldyrev,
Î.Iu. Ê³t, V.V. Rekalov Ia.M. Shuba

DIABETES-EVOKED CHANGES IN ÑÀ2+-
DEPENDENT POTASSIUM CONDUCTANCE
OF ISOLATED SMOOTH MUSCLE CELLS
OF THE RAT BLADDER

Activation of large conductance Ca2+-dependent potassium
channels (BK channels) influences repolarization of the action
potential and the level of the resting potential of detrusor
smooth muscle cells (SMC). Overactive bladder syndrome
(OBS) is one of the complications of diabetes. Here using
whole-cell patch clamp technique we show sizable reduction
of depolarization-evoked ÂK current (²

ÂÊ
) and decrease in the

amplitude and frequency of spontaneous transient outward
currents (STOCs) in isolated SMC from detrusor of rats with
streptozocin-induced diabetes compared to control animals.
Under the diabetes ²

ÂÊ
 density at step depolarization to +50

mV decreased from control value of 15.0±0.4 pA/pF to
10.0±0.5 pA/pF, whereas the mean values of the STOCs�
frequency and amplitude at holding potential -20 mV were
reduced from 12.0±1.5 Hz to 2.4±0.6 Hz and from 0.9±0.1
pA/pF to 0.5±0.1 pA/pF, respectively. Using real time RT-
PCR it was found that the expression of mRNA for the ÂÊ-
channel primary pore-forming K

Ca
1.1-subunit increases under

the diabetes, whilst that for the auxiliary BK
Ca

β1-subunit de-
creases. It is concluded that the observed changes in the BK-
channel currents can enhance excitability of the detrusor SMCs
thereby promoting myogenic OBS. However, further studies
are needed to determine how the decrease in BK

Ca
β1 expres-

sion under the diabetes impairs functional properties of BK
channels and to establish possible changes in calcium signals
that modulate channel activation.
Key words: bladder, detrusor, smooth muscles, diabetes mel-
litus, calcium dependent potassium channels, BK-channels.

O.O.Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv

International Center of Molecular Physiology, National
Academy of Sciences of Ukraine, Kyiv
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Ì.Â. Ìàêàðåíêî, Â.Ñ. Ëèçîãóá, Ë.². Þõèìåíêî, Ñ.Ì. Õîìåíêî

Ñåðöåâèé ðèòì ó îñ³á
ç ð³çíèì ð³âíåì ïåðåðîáêè ñëóõîâî¿ ³íôîðìàö³¿

Âèâ÷àëè îñîáëèâîñò³ ðåãóëÿö³¿ ñåðöåâîãî ðèòìó ó çäîðîâèõ ÷îëîâ³ê³â â³êîì â³ä 18 äî 20 ðîê³â
ïðè ïåðåðîáö³ íèìè ñêëàäíî¿ ³íôîðìàö³¿ ç äèôåðåíö³þâàííÿ ïîçèòèâíèõ ³ ãàëüì³âíèõ ñëóõîâèõ
ñèãíàë³â. Âèÿâëåíî ñòàòèñòè÷íî çíà÷èì³ ð³çíèö³ ì³æ ãðóïàìè ç ð³çíèì ð³âíåì ïåðåðîáêè, ùî
ï³äòâåðäæåíî ³ êîðåëÿö³éíèì àíàë³çîì, ì³æ ê³ëüê³ñòþ ïåðåðîáëåíî¿ ³íôîðìàö³¿ òà
âàð³àö³éíèìè (r=0,41, Ð<0,05) ³ ñïåêòðàëüíèìè (r= -0,49 � -0,56, Ð<0,05) õàðàêòåðèñòèêàìè.
Îáñòåæóâàí³ ç âèñîêèì ð³âíåì õàðàêòåðèçóâàëèñÿ äîñòîâ³ðíî íèçüêîþ ñóìàðíîþ ïîòóæí³ñòþ
ñïåêòðà (ÒÐ=1276,2 ìñ2), ïîòóæí³ñòþ ñïåêòðà íà âèñîê³é (ÍF=280,1 ìñ2) òà äóæå íèçüê³é
÷àñòîòàõ (VLF=469,8 ìñ2), à òàêîæ íèçüêèìè âåëè÷èíàìè ñòàíäàðòíîãî â³äõèëåííÿ ³íòåðâàë³â
R-R (SDNN=37,4 ìñ) íà â³äì³íó â³ä îñ³á ç íèçüêèì ¿¿ ð³âíåì (5248,8; 866,7; 1937,0; 69,8 ìñ2

â³äïîâ³äíî). Îáãîâîðþþòüñÿ ð³çí³ ñòðàòåã³¿ àêòèâàö³¿ íåñïåöèô³÷íèõ ñèñòåì ìîçêó ó
ôîðìóâàíí³ ô³ç³îëîã³÷íèõ ðåàêö³é òà ó÷àñò³ ðåãóëÿòîðíèõ ìåõàí³çì³â ñåðöåâîãî ðèòìó ó
âåãåòàòèâíîìó çàáåçïå÷åíí³ ïåðåðîáêè ñêëàäíî¿ ñëóõîâî¿ ³íôîðìàö³¿.
Êëþ÷îâ³ ñëîâà: ðåãóëÿö³ÿ ñåðöåâîãî ðèòìó, ïåðåðîáêà ñëóõîâî¿ ³íôîðìàö³¿.

©  Ì.Â. Ìàêàðåíêî, Â.Ñ. Ëèçîãóá, Ë.². Þõèìåíêî, Ñ.Ì. Õîìåíêî

ÂÑÒÓÏ

Íåâ³ä�ºìíîþ ðèñîþ ñó÷àñíîãî æèòòÿ º
ð³çêå çðîñòàííÿ ³íôîðìàö³éíèõ íàâàí-
òàæåíü, à òàêîæ íàÿâí³ñòü àêòèâíî¿ ä³ÿëü-
íîñò³, êîëè ñë³ä ïðèéìàòè áåçïîìèëêîâ³
ð³øåííÿ ïðè æîðñòêîìó îáìåæåíí³ ó ÷àñ³
[2]. Ïåðåðîáêà ñëóõîâî¿ ³íôîðìàö³¿ º ñêëà-
äîâîþ áàãàòüîõ òðóäîâèõ îïåðàö³é,  äå
ïîòð³áí³ âèñîêà òî÷í³ñòü, øâèäê³ñòü, áåç-
ïîìèëêîâ³ñòü,  ñåëåêö³ÿ òà êîîðäèíàö³ÿ
ðóõ³â. Òàê³ óìîâè ä³ÿëüíîñò³ ñóïðîâîä-
æóþòüñÿ ó á³ëüøîñò³ ëþäåé ï³äâèùåííÿì
ïñèõîô³ç³îëîã³÷íîãî íàïðóæåííÿ. Â ñâîþ
÷åðãó öå ìîæå ïðèçâåñòè äî ïîã³ðøåííÿ
ôóíêö³îíàëüíîãî ñòàíó ³, çîêðåìà � ñåðöå-
âî-ñóäèííî¿ ñèñòåìè, âíàñë³äîê ÷îãî ñë³ä
÷åêàòè ñóòòºâîãî çíèæåííÿ åôåêòèâíîñò³
ïåðåðîáêè ³íôîðìàö³¿ [6].

Â³äîìî, ùî àäàïòàö³ÿ ñåðöåâî-ñóäèííî¿
ñèñòåìè äî ð³çíîìàí³òíèõ ³íôîðìàö³éíèõ
íàâàíòàæåíü çàëåæèòü â³ä ñòàíó âåãåòà-
òèâíî¿ íåðâîâî¿ ñèñòåìè [4].  Îäíèì ³ç
íàéá³ëüø ³íôîðìàòèâíèõ ìåòîä³â îö³íêè

ñòàíó ðåãóëÿö³¿ ñåðöÿ º àíàë³ç âàð³àáåëüíîñò³
ñåðöåâîãî ðèòìó (ÂÑÐ).  Â³í äàº çìîãó
âèÿâèòè çì³íè ó ðåãóëÿòîðíèõ ñèñòåìàõ
ð³çíîãî ð³âíÿ, ó òîìó ÷èñë³ ³ íàäñåãìåíòàð-
íèõ ³ ïðîâåñòè ç³ñòàâëåííÿ ì³æ ¿¿ ëàíêàìè
[1, 10]. Íàéá³ëüøîãî çíà÷åííÿ íàáóâàþòü
ñòàòèñòè÷í³, âàð³àö³éí³ òà ñïåêòðàëüí³ õà-
ðàêòåðèñòèêè ÂÑÐ, îñîáëèâî ïðè ¿õ ðåºñò-
ðàö³¿ ï³ä ÷àñ âèêîíàííÿ ñêëàäíîãî çàâäàííÿ,
ÿêèì º ïåðåðîáêà ñëóõîâî¿ ³íôîðìàö³¿.

Â³äïîâ³äíî äî ñó÷àñíèõ óÿâëåíü, ðîáîòà
ãîëîâíîãî ìîçêó çàáåçïå÷óºòüñÿ ò³ñíîþ
âçàºìîä³ºþ ³íôîðìàö³éíèõ òà àêòèâàö³éíèõ
ïðîöåñ³â [5, 8, 11]. Çà öèõ óìîâ ïðèéìàííÿ,
ïåðåðîáêà  ³íôîðìàö³ ¿  òà  ôîðìóâàííÿ
â³äïîâ³ä³ ó ìîçêó ñòâîðþþòü ôóíêö³îíàëü-
íèé ñòàí ³ â³äïîâ³äíèé åíåðãåòè÷íèé ôîí,
îïòèìàëüíèé äëÿ âèêîíàííÿ íàïðóæåíî¿
ðîáîòè. Òàêèì º ñòàí, ùî äàº çìîãó äîñÿã-
íóòè ìåòè ä³ÿëüíîñò³ çà óìîâè íàéìåíøèõ
åíåðãåòè÷íèõ âèòðàò.  Ñàìå ïðè îïòè-
ìàëüíîìó ð³âí³ àêòèâàö³¿ â ÖÍÑ òðèâàëèé
÷àñ çáåð³ãàºòüñÿ âèñîêà ïðàöåçäàòí³ñòü ³
äîñÿãàºòüñÿ íàéêðàùèé ðåçóëüòàò ä³ÿëüíîñ-
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ò³ [4].  Ðîçóì³ííÿ íàéá³ëüø ñïðèéíÿòíèõ
ôóíêö³îíàëüíîãî ñòàíó àáî ð³âíÿ àêòèâàö³¿
ò³ñíî ïîâ�ÿçàíå ç ïîíÿòòÿì ïðî éîãî ³íäè-
â³äóàëüíèé ð³âåíü. Òîìó ïðîáëåìà çàëåæíîñò³
ðîçóìîâî¿ ä³ÿëüíîñò³ â³ä ³íäèâ³äóàëüíîãî ð³âíÿ
ïåðåðîáêè ñëóõîâî¿ ³íôîðìàö³¿ òà îñîáëèâîñò³
ðåãóëÿö³¿ ñåðöåâîãî ðèòìó çà öèõ óìîâ
óïðîäîâæ òðèâàëîãî ÷àñó ïðèâåðòàþòü äî
ñåáå óâàãó íàóêîâö³â ð³çíèõ ãàëóçåé.

Ìè âèõîäèëè ç ã³ïîòåçè, ùî ìåõàí³çìè
ðåãóëÿö³¿  ñåðöåâîãî ðèòìó ïîâ�ÿçàí³  ç
³íäèâ³äóàëüíèìè îñîáëèâîñòÿìè ïåðåðîáêè
³íôîðìàö³¿. Ìåòîþ ðîáîòè áóëî ç�ÿñóâàííÿ
îñîáëèâîñòåé ñòàíó ñåðöåâîãî ðèòìó â îñ³á
ç ð³çíèì ð³âíåì ïåðåðîáêè ñëóõîâî¿ ³íôîð-
ìàö³¿ ç äèôåðåíö³þâàííÿ ïîçèòèâíèõ ³
ãàëüì³âíèõ ñèãíàë³â.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåíî íà 120 çäîðîâèõ
÷îëîâ³êàõ â³êîì â³ä 18 äî 20 ðîê³â. Ñëóõîâó
³íôîðìàö³þ ïðåä�ÿâëÿëè â ðåæèì³ «çâîðîò-
íîãî çâ�ÿçêó» íà êîìï�þòåðíîìó êîìïëåêñ³
«Ä³àãíîñò-2» [7]. Îáñòåæóâàíîìó ïîòð³áíî
áóëî  âïðîäîâæ 5  õâ  ÿêîìîãà  øâèäøå
äèôåðåíö³þâàòè ïîçèòèâí³  ³  òàê çâàí³
ãàëüì³âí³ ñëóõîâ³ ïîäðàçíèêè, ÿê³ ïîäàâàëè
÷åðåç íàâóøíèêè á³íàóðàëüíî. Âèêîðèñ-
òî âó âàëè  ÷èñò ³  òîíè ,  ùî  îïèñó þòüñÿ
ïðàâèëüíîþ ñèíóñî¿äîþ. Äî ïî÷àòêó äîñ-
ë³äæåííÿ îáñòåæóâàíèé îòðèìóâàâ ³íñò-
ðóêö³þ â³äïîâ³äíî äî ÿêî¿ çà óìîâ ïîÿâè
çâóêó 1000 Ãö (âèñîêèé òîí) éîìó ïîòð³áíî
øâèäêî íàòèñíóòè òà â³äïóñòèòè ïàëüöåì
ïðàâî¿ ðóêè ïðàâó êíîïêó. Ïîÿâà çâóêó ó 300
Ãö (íèçüêèé òîí)  âèìàãàëà  øâèäêîãî
íàòèñêàííÿ òà â³äïóñêàííÿ ïàëüöåì ë³âî¿
ðóêè ë³âó êíîïêó. Íà çâóê ó 600 Ãö (ñåðåäí³é
òîí ) - ãàëüì³âíèé ïîäðàçíèê � íå íàòèñêàòè
íà æîäíó ç êíîïîê. Åêñïîçèö³ÿ ïåðøîãî
ïîäðàçíèêà áóëà 1000 ìñ. Ïîäà÷à êîæíîãî
íàñòóïíîãî ïîäðàçíèêà àâòîìàòè÷íî çì³íþ-
âàëàñÿ çàëåæíî â³ä ïðàâèëüíîñò³ â³äïîâ³ä³.
Ï³ñëÿ ïðàâèëüíî¿ â³äïîâ³ä³ âîíà ñêîðî÷óâà-
ëàñü, à â ðàç³ ïîìèëêè � ïîäîâæóâàëàñÿ íà

20 ìñ. Ïðèéìàëîñÿ, ùî ÷èì á³ëüøå ïîäðàç-
íèê³â çì³ã ïåðåðîáèòè îáñòåæóâàíèé çà 5
õâ ðîáîòè, òèì âèùå â íüîãî ð³âåíü ïåðå-
ðîáêè ³íôîðìàö³¿.

Ðåºñòðàö³þ âàð³àö³éíèõ, ñòàòèñòè÷íèõ ³
ñïåêòðàëüíèõ ïîêàçíèê³â ÑÐ ïðîâîäèëè íà
ïðèëàä³ «Cardiolab+» ó ñòàí³ ñïîêîþ òà ï³ä
÷àñ âèêîíàííÿ ðîçóìîâîãî íàâàíòàæåííÿ.
Âèçíà÷àëè ÷àñòîòó ñåðöåâèõ ñêîðî÷åíü
(×ÑÑ), àìïë³òóäó ìîäè (ÀÌÎ) òà ñòàí-
äàðòíå â³äõèëåííÿ ³íòåðâàë³â R-R ó âèá³ðö³
(SDNN). Ñïåêòðàëüíèé àíàë³ç ÑÐ çä³éñíþ-
âàëè çà ïîêàçíèêàìè ñóìàðíî¿ ïîòóæíîñò³
ñïåêòðà (Total Power - ÒÐ), ïîòóæíîñò³
ñïåêòðà íà äóæå íèçüêèõ (VLF), íèçüêèõ
(LF) òà âèñîêèõ (ÍF) ÷àñòîòàõ, à òàêîæ
âèçíà÷àëè ÍF-íîðìàë³çîâàíå òà ñï³ââ³ä-
íîøåííÿ LF/ÍF [1]. Ðåçóëüòàòè îáðîáëåíî
ìåòîäàìè íåïàðàìåòðè÷íî¿ ñòàòèñòèêè çà
ïàêåòîì ïðîãðàì Excel-2010.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Àíàë³ç ðåçóëüòàò³â äîñë³äæåííÿ âèÿâèâ
êîðåëÿö³þ ì³æ ê³ëüê³ñòþ ïåðåðîáëåíî¿
³íôîðìàö³¿ òà ïîêàçíèêàìè ÂÑÐ (ðèñ. 1).

Â³ä�ºìíèé çâ�ÿçîê áóâ âñòàíîâëåíèé ì³æ
ê³ëüê³ñòþ ³íôîðìàö³¿ ³ ÒÐ, VLF, HF, SDNN.
Êîåô³ö³ºíò êîðåëÿö³¿ çíàõîäèâñÿ ó ìåæàõ -
0,49 � - 0,56, (Ð<0,05). Ïîçèòèâíà êîðåëÿö³ÿ
íà ð³âí³ r = 0,41 (Ð<0,05) áóëà âèÿâëåíà ç
ÀÌÎ. Çâ�ÿçêó  ì³æ ê³ëüê³ñòþ ïåðåðîáëåíî¿
³íôîðìàö³¿ ç ×ÑÑ çíàéäåíî íå áóëî (Ð>0,05).

Îòðèìàí³ åêñïåðèìåíòàëüí³ ðåçóëüòàòè
ìîæóòü áóòè äîêàçîì òîãî, ùî ê³ëüê³ñòü
ïåðåðîáëåíî¿ ñëóõîâî¿ ³íôîðìàö³¿ ïîâ�ÿçàíà
ç âàð³àö³éíèìè, ñòàòèñòè÷íèìè òà ñïåêò-
ðàëüíèìè õàðàêòåðèñòèêàìè ÑÐ. Ó ïåðå-
âàæí³é ê³ëüêîñò³  âèïàäê³â ÷èì á³ëüøå
³íôîðìàö³¿ ïåðåðîáëÿâ îáñòåæóâàíèé, òèì
íèæ÷îþ áóëà ïîòóæí³ñòü ÒÐ, VLF, HF òà
SDNN ³ âèùîþ ÀÌÎ. ² íàâïàêè, íèçüê³
çíà÷åííÿ ÷àñò³øå çá³ãàëèñÿ ç âèñîêèìè
õàðàêòåðèñòèêàìè ÒÐ, VLF, HF òà SDNN ³
íèçüêèì ÀÌÎ. Íàÿâí³ñòü êîðåëÿö³¿ ì³æ
ïîêàçíèêàìè ÂÑÐ ³ ê³ëüê³ñòþ ðîçóìîâîãî

Ñåðöåâèé ðèòì ó îñ³á ç ð³çíèì ð³âíåì ïåðåðîáêè ñëóõîâî¿ ³íôîðìàö³¿
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íàâàíòàæåííÿ ñâ³ä÷èòü íà êîðèñòü òîãî, ùî
âèêîíàííÿ òàêîãî çàâäàííÿ â³äáóâàºòüñÿ çà
óìîâ âèðàæåíèõ çì³í ðåãóëÿö³¿ ÂÑÐ. Ó
ë³òåðàòóð³ â³äíîñíî ëàá³ëüíîñò³ ÑÐ ó ð³çíèõ
óìîâàõ ä³ÿëüíîñò³ íåìàº îäíîñòàéíî¿ äóìêè
[1, 10]. Îñîáëèâîñò³ ðåãóëÿö³¿ ñåðöåâî-
ñóäèííî¿ ñèñòåìè ìîæóòü áóòè ïîâ�ÿçàíèìè
ÿê ç àáñîëþòíèì çá³ëüøåííÿì ñèìïàòè÷íî¿
àêòèâíîñò ³ ,  òàê  ³  ç ³  çìåíøåííÿì óñ ³õ
âåãåòàòèâíèõ âïëèâ³â íà ñåðöå [4]. Ìîæ-
ëèâî,  âèÿâëåí³  çâ�ÿçêè ì³æ ê³ëüê³ñòþ
ïåðåðîáëåíî¿ ñëóõîâî¿ ³íôîðìàö³¿ òà ïîêàç-
íèêàìè âåãåòàòèâíî¿ ðåãóëÿö³¿ ñåðöÿ â³äîá-
ðàæàþòü îñîáëèâîñò³ ³íäèâ³äóàëüíî¿ ñòðà-
òåã³ ¿  ïðèñòî ñó âàííÿ ñåðöåâî-ñóäèííî¿
ñèñòåìè äî êîíêðåòíî¿ ä³ÿëüíîñò³.

Äëÿ óòî÷íåííÿ ðåçóëüòàò³â êîðåëÿö³¿ ìè
ïðîâåëè ðîçïîä³ë îáñòåæóâàíèõ çà ³íäè-
â³äóàëüíèì ïîêàçíèêîì ê³ëüêîñò³ ïåðå-
ðîáëåíî¿ ñëóõîâî¿ ³íôîðìàö³¿ íà ãðóïè. Áóëî
âñòàíîâëåíî, ùî ó âñ³õ òåñòîâàíèõ â³í
çíàõîäèâñÿ ó ìåæàõ â³ä 351,1 äî 603,5 ïîä-
ðàçíèê³â. Íà ã³ñòîãðàì³ ðîçïîä³ëó îáñòåæó-
âàíèõ ñïîñòåð³ãàëè îäèí âèðàæåíèé ëîêàëü-
íèé ï³ê ÷èñåëüíîñò³, ùî â³äïîâ³äàâ ñåðåäí³ì
çíà÷åííÿì (457,83±17,5) ³ äâà çíà÷íî ìåíø³:
ç â³äíîñíî íèçüêèì (356±21,4) ³ âèñîêèì
(552,5±16,2) ð³âíåì .

Ç îãëÿäó íà çíà÷íó äåâ³àíòí³ñòü ³íäèâ³-
äóàëüíèõ çíà÷åíü ñòàòèñòè÷íèõ, âàð³àö³éíèõ
³ ñïåêòðàëüíèõ õàðàêòåðèñòèê ÑÐ îáðàõî-
âóâàëè ìåä³àíó òà âèçíà÷àëè âåðõí³é (75%)
³ íèæí³é (25%) êâàðòèë³. Îö³íêó äîñë³ä-
æóâàíèõ ïîêàçíèê³â ÂÑÐ çä³éñíþâàëè ó
òðüîõ ãðóïàõ ó ñòàí³ ñïîêîþ òà ï³ä ÷àñ
âèêîíàííÿ ðîáîòè.

Ó ñòàí³ ñïîêîþ ì³æ õàðàêòåðèñòèêàìè
ÑÐ ó ãðóïàõ ç âèñîêèì, ñåðåäí³ì ³ íèçüêèì
ð³âíåì äîñòîâ³ðíèõ ð³çíèöü âèÿâëåíî íå áóëî
(P>0,05). Òàêèé ôàêò, íà íàøó äóìêó, ìîæíà
ïîÿñíèòè òèì, ùî ó çäîðîâèõ ëþäåé ìåõà-
í³çìè ðåãóëÿö³¿ ñåðöåâîãî ðèòìó äîñòàòíüî
çáàëàíñîâàí³ â³äïîâ³äíî äî íèçüêèõ ïîòðåá
ïîòî÷íîãî ñòàíó ñïîêîþ, òàê ùî ð³çíèö³ ó
âåãåòàòèâí³é íåðâîâ³é ñèñòåì³ ìîæóòü
êîìïåíñóâàòèñÿ äîñêîíàëèìè àâòîíîìíèìè
ðåãóëÿòîðíèìè ìåõàí³çìàìè.

Ïîð³âíÿííÿ ïîêàçíèê³â ÂÑÐ ïðè âèêî-
íàíí³  çàâäàííÿ ó ãðóïàõ ñâ³ä÷èòü ïðî
íàÿâí³ñòü ñòàòèñòè÷íî çíà÷èìèõ ð³çíèöü,
ÿê³ ïðîÿâèëèñü ó ³ñòîòíî íèæ÷èõ ìåä³àíàõ,
ñïåêòðàëüíèõ ÒÐ, VLF, HF ³ âàð³àö³éíèõ
SDNN ïîêàçíèê³â ó îáñòåæóâàíèõ ç âèñî-
êèìè ð³âíåì ïîð³âíÿíî ç íèçüêèì (Ð<0,05;
ðèñ. 2). Ïîêàçíèêè ÂÑÐ îáñòåæóâàíèõ ç
ñåðåäí³ì ð³âíåì ó á³ëüøîñò³  âèïàäê³â

Ðèñ. 1. Êîðåëÿö³¿ ì³æ ê³ëüê³ñòþ ïåðåðîáëåíèõ ñëóõîâèõ ïîäðàçíèê³â ³ õàðàêòåðèñòèêàìè ñåðöåâîãî ðèòìó (Ð<0,05):
ÀÌÎ � àìïë³òóäà ìîäè, SDNN � ñòàíäàðòíå â³äõèëåííÿ ³íòåðâàë³â R-R ÅÊÃ, ÒÐ- ñóìàðíà ïîòóæí³ñòü ñïåêòðà, VLF
� ïîòóæí³ñòü ñïåêòðà íà äóæå íèçüêèõ ÷àñòîòàõ, HF � ïîòóæí³ñòü ñïåêòðà íà âèñîêèõ ÷àñòîòàõ

Ì.Â. Ìàêàðåíêî, Â.Ñ. Ëèçîãóá, Ë.². Þõèìåíêî, Ñ.Ì. Õîìåíêî
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çàéìàëè ïðîì³æíå ïîëîæåííÿ.
Íàäàë³ äëÿ äîñë³äæåííÿ òîãî, íàñê³ëüêè

çì³íèâñÿ ð³âåíü ôóíêö³îíóâàííÿ ñåðöåâî-
ñóäèííî¿ ñèñòåìè ï³ä ÷àñ äèôåðåíö³þâàííÿ
ñëóõîâèõ ïîäðàçíèê³â ó îñ³á ç ð³çíèì ð³âíåì
ïåðåðîáêè ñëóõîâî¿ ³íôîðìàö³¿, ìè ïîð³âíÿëè

ìåä³àíó ïîòóæíîñò³ ïîêàçíèê³â ÂÑÐ äî òà
ï³ä ÷àñ ñëóõîìîòîðíî¿ ä³ÿëüíîñò³. Ðåçóëüòàòè
òàêîãî ïîð³âíÿííÿ (ð³çíèöþ) ìè ïðåäñòàâèëè
ó â³äñîòêàõ, äå çà 100 % áóëè âçÿò³ çíà÷åííÿ
ïîêàçíèê³â ÂÑÐ ó ñïîêî¿ ïåðåä âèêîíàííÿì
ðîçóìîâîãî íàâàíòàæåííÿ (ðèñ. 3).

Ðèñ. 2. Ïîêàçíèêè ñåðöåâîãî ðèòìó ï³ä ÷àñ ïåðåðîáêè ñëóõîâî¿ ³íôîðìàö³¿: 1 � ç âèñîêèì, 2 � ñåðåäí³ì, 3 � íèçüêèì
ð³âíåì; * â³ðîã³äí³ñòü ð³çíèöü (Ð<0,05) ïîêàçíèê³â ì³æ ãðóïàìè îñ³á ç âèñîêèì ³ íèçüêèì ð³âíåì. ×ÑÑ � ÷àñòîòà
ñåðöåâèõ ñêîðî÷åíü, ÀÌî � àìïë³òóäà ìîäè, SDNN � ñòàíäàðòíå â³äõèëåííÿ ³íòåðâàë³â R � R ÅÊÃ, LF/HF �
ñï³ââ³äíîøåííÿ ñïåêòðà íèçüêèõ ÷àñòîò äî âèñîêèõ, HF íîðì. � ïîòóæí³ñòü ñïåêòðà íà âèñîêèõ ÷àñòîòàõ íîðìàë³çîâàíà,
ÒÐ � ñóìàðíà ïîòóæí³ñòü ñïåêòðà, VLF � ïîòóæí³ñòü ñïåêòðà íà äóæå íèçüêèõ, LF � íèçüêèõ òà HF � âèñîêèõ
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Âñòàíîâëåíî,  ùî ó  îñ ³á  ç  âèñîêèì
ð³âíåì ïåðåðîáêè ³íôîðìàö³¿ çíèæóâàëèñÿ
ïîòóæíîñò³ âñ³õ ñïåêòðàëüíèõ ïîêàçíèê³â
(ÒÐ, VLF, LF òà HF), à òàêîæ ñï³ââ³äíî-
øåííÿ LF/HF, HF-íîðì. ³ SDNN íà â³äì³íó
â³ä ãðóïè îáñòåæóâàíèõ ç íèçüêèì ð³âíåì,
ó ÿêèõ ñïîñòåð³ãàëè çíèæåííÿ ëèøå ïîòóæ-
íîñò³ õâèëü LF, ñï³ââ³äíîøåííÿ LF/HF òà
ÀÌÎ (Ð<0,05). Îäíî÷àñíî ï³äâèùóâàëèñÿ
âñ³ ³íø³ ñòàòèñòè÷í³ òà ñïåêòðàëüí³ õàðàêòå-
ðèñòèêè ÂÑÐ (Ð<0,05).

Ç îòðèìàíèõ ðåçóëüòàò³â âèäíî, ùî
âèêîíàííÿ çàâäàííÿ ç ïåðåðîáêè ³íôîðìàö³¿
âèêëèêàëî ó ìåõàí³çìàõ ðåãóëÿö³¿ ñåðöåâîãî
ðèòìó ïðîòèëåæí³ çì³íè. Ïðè öüîìó, ÿêùî
ó ãðóï³ îñ³á ç âèñîêèì ð³âíåì ñëóõîìî-
òîðíîãî ðåàãóâàííÿ ö³ çì³íè ïðîÿâèëèñü ó
íèçüêèõ çíà÷åííÿõ çàãàëüíî¿ ïîòóæíîñò³
ñïåêòðà (ÒÐ), ïðèãí³÷åíí³ äèõàëüíî¿ (HF),
ñóäèííî¿ (LF) ³ ãóìîðàëüíî-ìåòàáîë³÷íî¿

(VLF) ìîäóëÿö³¿, òî ó ãðóï³ îñ³á ç íèçüêèì
ð³âíåì � ó ïîñèëåíí³ ïîòóæíîñò³ ñïåêòðà,
ùî, ñë³ä ââàæàòè, ñïðè÷èíåíî ïðèãí³÷åííÿì
cóäèííî¿ ìîäóëÿö³¿. Òàê³ ðåçóëüòàòè äàþòü
çìîãó ñòâåðäæóâàòè, ùî ó îñ³á ç íèçüêèì
ð³âíåì ïåðåðîáêè ñëóõîâî¿ ³íôîðìàö³¿ ó
ìåõàí³çìàõ âåãåòàòèâíîãî çàáåçïå÷åííÿ
ÂÑÐ ïåðåâàæàº òèï ðåàêö³¿, ùî õàðàêòå-
ðèçóºòüñÿ ï³äâèùåííÿì ïñèõîô³ç³îëîã³÷íî¿
ö³íè íàïðóæåíî¿ ä³ÿëüíîñò³, à çíà÷èòü ³
ïåðåâàãîþ ñèìïàòè÷íî¿ àêòèâíîñò³.

Â³ðîã³äíî, ùî â óìîâàõ ñïðèéíÿòòÿ òà
äèôåðåíö³þâàííÿ ãàëüì³âíèõ ³ çáóäëèâèõ
ñëóõîâèõ ïîäðàçíèê³â çàä³ÿíèé âèùèé
ê³ðêîâèé ð³âåíü ïåðåäà÷³ ³íôîðìàö³¿, ÿêèé ³
ôîðìóº êîìïëåêñ ô³ç³îëîã³÷íèõ ðåàêö³é, ó
òîìó ÷èñë³ ³ ó÷àñòü ìåõàí³çì³â ðåãóëÿö³¿ ÑÐ
[7, 9]. Ó îñ³á ç âèñîêèì ð³âíåì ïåðåðîáêè
³íôîðìàö³¿ íèçüê³ çíà÷åííÿ ñòàòèñòè÷íèõ,
âàð³àö³éíèõ ³ ñïåêòðàëüíèõ õàðàêòåðèñòèê

Ðèñ. 3. Çì³íè ïîêàçíèê³â ñåðöåâîãî ðèòìó ó îñ³á ç ð³çíèì ð³âíåì ïåðåðîáêè ñëóõîâî¿ ³íôîðìàö³¿ â³äíîñíî ôîíîâèõ
çíà÷åíü: 1 � âèñîêèé, 2 � ñåðåäí³é, 3 � íèçüêèé; * â³ðîã³äí³ñòü ð³çíèöü (Ð<0,05) â³äíîñíî ïîêàçíèê³â ó ñòàí³ ñïîêîþ.
×ÑÑ � ÷àñòîòà ñåðöåâèõ ñêîðî÷åíü, ÀÌÎ � àìïë³òóäà ìîäè, SDNN � ñòàíäàðòíå â³äõèëåííÿ ³íòåðâàë³â R � R ÅÊÃ,
LF/HF � ñï³ââ³äíîøåííÿ ñïåêòðà íèçüêèõ ÷àñòîò äî âèñîêèõ, HF íîðì. � ïîòóæí³ñòü ñïåêòðà íà âèñîêèõ ÷àñòîòàõ
íîðìàë³çîâàíà, ÒÐ � ñóìàðíà ïîòóæí³ñòü ñïåêòðà, VLF � ïîòóæí³ñòü ñïåêòðà íà äóæå íèçüêèõ, LF � íèçüêèõ òà HF
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ÑÐ, ³ìîâ³ðíî, çóìîâëåí³ á³ëüø äîñêîíàëîþ
ôóíêö³îíàëüíîþ îðãàí³çàö³ºþ ñèñòåì ³
ï³äâèùåííÿì ñòóïåíÿ ëîêàëüíî¿ àêòèâàö³¿
íåîêîðòåêñà ³ ¿õ çâ�ÿçê³â ç ³íøèìè â³ää³ëàìè
ìîçêó,  â  òîìó ÷èñë³ ,  ³  âåãåòàòèâíèìè
öåíòðàìè.  À ó  îñ ³á  ç  íèçüêèì ð³âíåì
ñïîñòåð³ãàëàñÿ ãåíåðàë³çîâàíà ðåàêö³ÿ
ê³ðêîâèõ çîí ³ íåñïåöèô³÷íèõ ñèñòåì ìîçêó
³ á³ëüø âèðàæåíà ó÷àñòü ñèìïàòè÷íîãî
â³ää³ëó ÂÍÑ ó ìåõàí³çìàõ ðåãóëÿö³¿ ÑÐ.
Îêð³ì òîãî, á³ëüø âèðàæåí³ ô³ç³îëîã³÷í³
çì³íè ÂÑÐ ó  â ³äïîâ³äü  íà  íàïðóæåíó
ñëóõîìîòîðíó ä³ÿëüí³ñòü ó íèõ ïîâ�ÿçàí³ ç
ìåíø äîñêîíàëèìè ìåõàí³çìàìè ïåðåðîáêè
òà îö³íêè ³íôîðìàö³¿ [3]. Òàêèé ñïîñ³á
âåãåòàòèâíîãî çàáåçïå÷åííÿ íàäçâè÷àéíî
íå åêîíîìíèé, îñê³ëüêè õàðàêòåðèçóºòüñÿ
ï³äâèùåííÿì íåïðîäóêòèâíî¿ àêòèâàö³¿
ìîäóëþâàëüíî¿ ñèñòåìè ìîçêó, çá³ëüøåííÿì
âêëàäó ï³äñèñòåìè åìîö³éíî¿ êîìïîíåíòè,
ùî ³ âèêëèêàº ãåíåðàë³çîâàíó ô³ç³îëîã³÷íó
ðåàêö³þ, øâèäêå âè÷åðïàííÿ ðåçåðâ³â ³
òîìó íå ìîæå çàáåçïå÷óâàòè åôåêòèâíó
ðåàë³çàö³þ ³íòåíñèâíî¿ ðîçóìîâî¿ ä³ÿëüíîñò³
âïðîäîâæ òðèâàëîãî ÷àñó [12]. Ó îñ³á ç
âèñîêèì ð³âíåì ñëóõîìîòîðíîãî ðåàãóâàííÿ
ìîäóëþâàëüíà ñèñòåìà ìîçêó ïðè íàïðó-
æåí³é ðîáîò³ âêëþ÷àº ïðîäóêòèâíó, ðåã³î-
íàðíî-ñïåöèô³÷íó àêòèâàö³þ ïåðåðîáêè
³íôîðìàö³¿, ùî ïðîÿâèëîñü ó ìåíø âèðà-
æåíèõ çì³íàõ ñòàòèñòè÷íèõ, âàð³àö³éíèõ ³
ñïåêòðàëüíèõ õàðàêòåðèñòèêàõ ñåðöåâîãî
ðèòìó. Òàêèé ñïîñ³á îáðîáêè ³íôîðìàö³¿
ìîæå çàáåçïå÷óâàòè åôåêòèâíó ðåàë³çàö³þ
íàïðóæåíî¿ ðîçóìîâî¿ ä³ÿëüíîñò³ ïðîòÿãîì
òðèâàëîãî ÷àñó.

Òàêèì ÷èíîì, ñêëàäíà ñëóõîìîòîðíà
ä³ÿëüí³ñòü ëþäèíè ç ïåðåðîáêè ³íôîðìàö³¿
ñóïðîâîäæóºòüñÿ ð³çíèìè çì³íàìè ÑÐ: 1)
îñîáè ç âèñîêèì ð³âíåì õàðàêòåðèçóþòüñÿ
äîñòîâ³ðíî íèæ÷èìè çíà÷åííÿìè ÒÐ, ïîòóæ-
íîñò³ ñïåêòðà íà âèñîê³é HF i VLF ÷àñòîòàõ,
à òàêîæ SDNN; 2) ó îñ³á ç íèçüêèì ð³âíåì
ïåðåðîáêè ³íôîðìàö³¿ òàêå ñàìå ðîçóìîâå
íàâàíòàæåííÿ âèêëèêàº á³ëüø âèðàæåí³
çì³íè ó âåãåòàòèâí³é ðåãóëÿö³¿, ùî ïðîÿâ-
ëÿºòüñÿ ó âèñîêèõ çíà÷åííÿõ ðèòìó ñåðöÿ; 3)

êîðåëÿö³éíèì àíàë³çîì ì³æ âàð³àö³éíèìè òà
ñòàòèñòè÷íèìè õàðàêòåðèñòèêàìè ÑÐ, ç îäíî-
ãî áîêó, òà ê³ëüê³ñòþ ïåðåðîáêè ³íôîðìàö³¿ �
ç ³íøîãî, ï³äòâåðäæåíî â³ðîã³äí³ â³äì³ííîñò³
ì³æ ð³çíèìè ãðóïàìè îáñòåæóâàíèõ.

Í.Â. Ìàêàðåíêî, Â.Ñ. Ëèçîãóá,
Ë.È. Þõèìåíêî, Ñ.Í. Õîìåíêî

ÑÅÐÄÅ×ÍÛÉ ÐÈÒÌ Ó ËÞÄÅÉ
Ñ ÐÀÇËÈ×ÍÛÌ ÓÐÎÂÍÅÌ ÏÅÐÅÐÀÁÎÒÊÈ
ÑËÓÕÎÂÎÉ  ÈÍÔÎÐÌÀÖÈÈ

Èññëåäîâàëè îñîáåííîñòè ðåãóëÿöèè ñåðäå÷íîãî ðèòìà âî
âðåìÿ ïåðåðàáîòêè ñëóõîâîé èíôîðìàöèè. Óñòàíîâèëè
ñòàòèñòè÷åñêè äîñòîâåðíûå îòëè÷èÿ õàðàêòåðèñòèê
ñåðäå÷íîãî ðèòìà â ãðóïïàõ ñ ðàçíûì óðîâíåì ðåàãè-
ðîâàíèÿ. Îáñëåäóåìûå ñ âûñîêèì óðîâíåì õàðàêòå-
ðèçîâàëèñü äîñòîâåðíî íèçêîé îáùåé ìîùíîñòüþ ñïåêòðà
(ÒÐ=1276,2 ìñ2, ìîùíîñòüþ ñïåêòðà íà âûñîêèõ (HF=280,1
ìñ2) è î÷åíü íèçêèõ ÷àñòîòàõ (VLF=469,8 ìc2), à òàêæå
âåëè÷èíîé ñòàíäàðòíîãî îòêëîíåíèÿ R-R èíòåðâàëîâ
(SDNN =37,4 ìñ) â îòëè÷èå îò ëèö ñ íèçêèì åå óðîâíåì
(5248,8; 866,7; 1937,0; 69,8 ìñ2 ñîîòâåòñòâåííî). Êîððåëÿ-
öèîííûé àíàëèç ïîäòâåðäèë íàëè÷èå ðàçëè÷èé ìåæäó ãðóïï
èñïûòóåìûõ ñ ðàçíûì êîëè÷åñòâîì ïåðåðàáîòàííîé
ñëóõîâîé èíôîðìàöèè è âàðèàöèîííûìè (r=0,41, Ð<0,05),
à òàêæå ñïåêòðàëüíûìè õàðàêòåðèñòèêàìè ñåðäå÷íîãî
ðèòìà (r=-0,49 � -0,56, Ð<0,05). Îáñóæäàþòñÿ ðàçëè÷íûå
ñòðàòåãèè àêòèâàöèè íåñïåöèôè÷åñêèõ ñèñòåì ìîçãà â
ôîðìèðîâàíèè ïñèõîôèçèîëîãè÷åñêèõ ðåàêöèé è ó÷àñòèÿ
ðåãóëÿòîðíûõ ìåõàíèçìîâ ñåðäå÷íîãî ðèòìà â âåãåòà-
òèâíîì îáåñïå÷åíèè ïåðåðàáîòêè ñëóõîâîé èíôîðìàöèè.
Êëþ÷åâûå ñëîâà: ðåãóëÿöèÿ ñåðäå÷íîãî ðèòìà, ïåðåðà-
áîòêà ñëóõîâîé èíôîðìàöèè.

M.V. Makarenko, V.S. Lyzogub,
L.I. Yukhymenko, S.M. Khomenko

HEART RHYTHM REGULATION IN HUMANS
WITH DIFFERENT PROCESSING LEVELS
OF ACOUSTIC INFORMATION

The peculiarities of the heart rhythm regulation were
investigated in humans during the processing of acoustic
information. Statistically significant differences were found in
individuals with different levels of auditory-motor reactions
according to the heart rhythm characteristics. Individuals with
the high level of reactions were characterized  by significantly
lower total power spectrum (ÒÐ=1276,2 ms2), by the power
spectrum of high (HL=280,1 ms2) and very low frequencies
(VLF=469,8 ms2), as well as by low indexes of standard devia-
tion of R-R intervals (SDNN=37,4 ms), when compared with
the persons with the low level of reactions (5248,8; 866,7;
1937,0; 69,8 ms2). The correlation analysis confirmed the dif-
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ferences between the groups of persons with different number
of processed information and variable (r= 0,41, Ð<0,05) and
spectral characteristics of heart rate (r=-0,49 � -0,56, Ð<0,05).
Different strategies of activation of non-specific brain sys-
tems in formation of psycho-physiological reactions and par-
ticipation of heart rhythm regulatory mechanisms in vegeta-
tive support of auditory information processing are discussed.
Key words: heart rhythm regulation, auditory information
processing.

Î.Î. Bogomoletz Institute of Physiology, National Academy
of Science of Ukraine, Kyiv
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Âïëèâ êàëüöèòîí³íó
íà çîâí³øíüîñåêðåòîðíó ôóíêö³þ ïå÷³íêè ó ùóð³â

Ó ãîñòðèõ äîñë³äàõ íà ùóðàõ ç êàíþëüîâàíîþ çàãàëüíîþ æîâ÷íîþ ïðîòîêîþ âèâ÷åíî âïëèâ
êàëüöèòîí³íó íà ð³âåíü õîëåðåçó òà ñïåêòð æîâ÷íèõ êèñëîò ó æîâ÷³. Âïðîäîâæ 3 ãîä äîñë³äó
âèì³ðþâàëè ³íòåíñèâí³ñòü ñåêðåö³¿ æîâ÷³ òà âì³ñò ó í³é êîí�þãîâàíèõ ³ â³ëüíèõ æîâ÷íèõ êèñëîò
ìåòîäîì òîíêîøàðîâî¿ õðîìàòîãðàô³¿. Ïîêàçàíî, ùî ñèíòåòè÷íèé êàëüöèòîí³í ëîñîñÿ,
ââåäåíèé âíóòð³øíüîì�ÿçîâî ó äîç³ 200 íã/êã, çá³ëüøóº îá�ºì ñåêðåòîâàíî¿ æîâ÷³ òà âì³ñò ó
í³é êîí�þãîâàíèõ æîâ÷íèõ êèñëîò. Ó ö³ëîìó îá�ºì âèä³ëåíî¿ æîâ÷³ ï³ä âïëèâîì êàëüöèòîí³íó
çá³ëüøèâñÿ íà 17,4 % (Ð<0,05) ïîð³âíÿíî ç êîíòðîëåì, äåá³ò òàóðîòðèã³äðîêñèõîëàò³â � íà
58,3 % (P<0,001), òàóðîäèã³äðîêñèõîëàò³â � íà 68,5 % (P<0,01), ãë³êîäèã³äðîêñèõîëàò³â � íà
120,8 % (P<0,01), òîä³ ÿê çàãàëüíèé âì³ñò â³ëüíèõ æîâ÷íèõ êèñëîò ïðàêòè÷íî íå â³äð³çíÿâñÿ
â³ä êîíòðîëüíèõ çíà÷åíü. Âñòàíîâëåíî, ùî ï³ä âïëèâîì ãîðìîíó ïåðåðîçïîä³ëÿºòüñÿ
æîâ÷íîêèñëîòíèé ñïåêòð ³ ÷àñòêà êîí�þãîâàíèõ õîëàò³â çá³ëüøóºòüñÿ, à â³ëüíèõ � çìåíøóºòüñÿ.
Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî ï³ä âïëèâîì êàëüöèòîí³íó â ãåïàòîöèòàõ ïîñèëþþòüñÿ
ïðîöåñè êîí�þãàö³¿ æîâ÷íèõ êèñëîò ç àì³íîêèñëîòàìè ãë³öèíîì ³ òàóðèíîì òà êàíàë³êóëÿðíî¿
ñåêðåö³¿, ùî ïîêðàùóº ñîëþá³ë³çóâàëüí³ âëàñòèâîñò³ æîâ÷³, ¿¿ çäàòí³ñòü óòðèìóâàòè
õîëåñòåðèí ó ðîç÷èíåíîìó ñòàí³ òà çàïîá³ãàº óòâîðåííþ êîíêðåìåíò³â ó æîâ÷îâèâ³äíèõ øëÿõàõ.
Êëþ÷îâ³ ñëîâà: êàëüöèòîí³í, æîâ÷îóòâîðåííÿ, òàóðîõîëàòè, ãë³êîõîëàòè, â³ëüí³ æîâ÷í³
êèñëîòè.
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ÂÑÒÓÏ

Íèí³ â ë³òåðàòóð³ íàêîïè÷åíèé çíà÷íèé
ìàòåð³àë, ÿêèé ñâ³ä÷èòü ïðî âàæëèâó ðîëü
ãîðìîí³â ùèòîïîä³áíî¿ çàëîçè ó ðåãóëÿö³¿
çîâí³øíüîñåêðåòîðíî¿ ôóíêö³¿ ïå÷³íêè.
Ïðîòå îñíîâíà ÷àñòèíà ïðàöü ïðèñâÿ÷åíà
åôåêòàì òèðîêñèíó òà òðèéîäòèðîí³íó, ³
ïðàêòè÷íî íåìàº â³äîìîñòåé ïðî âïëèâ íà
æîâ÷îóòâîðåííÿ êàëüöèòîí³íó � ãîðìîíó,
êîòðèé ñåêðåòóºòüñÿ ïàðàôîë³êóëÿðíèìè
êë³òèíàìè ùèòîïîä³áíî¿  çàëîçè.  ²ñíóº
âåëèêà ì³æâèäîâà âàð³àáåëüí³ñòü â àì³íî-
êèñëîòí³é ïîñë³äîâíîñò³ êàëüöèòîí³í³â
ëþäèíè òà õðåáåòíèõ òâàðèí, àëå, íåçâà-
æàþ÷è íà ðîçá³æíîñò³, âîíè ïðîÿâëÿþòü
ïåðåõðåñíî-âèäîâó á³îëîã³÷íó àêòèâí³ñòü.
Íàéá³ëüø àêòèâíèì ó á³îëîã³÷íîìó ñåíñ³ º
êàëüöèòîí³í ëîñîñåâèõ ðèá. Öå ïîâ�ÿçàíî ç
òðèâàë³øèì ïåð³îäîì íàï³âðîçïàäó òà ÷à-

ñîì ³ñíóâàííÿì ãîðìîí-ðåöåïòîðíîãî
êîìïëåêñó [2, 12, 23]. Êàëüöèòîí³í º îäíèì
ç ãîðìîí³â, êîòð³ çàáåçïå÷óþòü êàëüö³ºâèé
ãîìåîñòàç â îðãàí³çì³ ëþäèíè ³ òâàðèí. Éîãî
îñíîâíà ô³ç³îëîã³÷íà ôóíêö³ÿ ïîëÿãàº ó
ðåãóëÿö³¿ âì³ñòó êàëüö³þ â êðîâ³ ÷åðåç
ïîñèëåííÿ åêñêðåö³¿ Ñà2+ íèðêàìè [7, 30] òà
çìåíøåíí³ ðåçîðáö³¿ ê³ñòêîâî¿ ðå÷îâèíè
îñòåîáëàñòàìè, òîìó êàëüöèòîí³í âèêîðèñ-
òîâóþòü ó ìåäè÷í³é ïðàêòèö³ ïðè ë³êóâàíí³
õâîðîá, ïîâ�ÿçàíèõ ç ìåòàáîë³÷íîþ ïåðåáó-
äîâîþ òà òðàâìàòè÷íèìè óðàæåííÿìè ê³ñ-
òîê, ïàðîäîíòîç³ [15, 21], à òàêîæ ÿê çíå-
áîëþâàëüíèé çàñ³á ïðè îíêîëîã³÷íèõ çàõâî-
ðþâàííÿõ îïîðíî-ðóõîâîãî àïàðàòó [28].
Ïðè÷îìó ðåçóëüòàòè êë³í³÷íèõ ñïîñòåðå-
æåíü ñâ³ä÷àòü, ùî àíàëãåòè÷íà ä³ÿ êàëü-
öèòîí³íó òðèâàº äîâøå,  í³æ ã³ïîêàëü-
öåì³÷íà, ùî ìîæå ñâ³ä÷èòè ïðî çàëó÷åííÿ
ÿê öåíòðàëüíèõ (âçàºìîä³ÿ ç êàòåõîëàì³í-
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òà ñåðîòîí³íåðã³÷íîþ ñèñòåìàìè, à òàêîæ
ç³ ñïåöèô³÷íèìè ðåöåïòîðàìè â öåíòðàëüí³é
íåðâîâ³é ñèñòåì³),  òàê ³  ïåðèôåðè÷íèõ
ìåõàí³çì³â (ïîñèëåííÿ âèâ³ëüíåííÿ β-åí-
äîðô³í³â, ïðèãí³÷åííÿ ñèíòåçó ïðîñòàã-
ëàíäèí³â òà ³íøèõ ìåä³àòîð³â çàïàëåííÿ)
[3]. Êð³ì òîãî, êàëüöèòîí³í âïëèâàº íà
ïðîäóêö³þ òà ñåêðåö³þ äåÿêèõ íåéðî-
òðàíñì³òåð³â, à òàêîæ íà ôóíêö³¿ êë³òèí
³íøèõ îðãàí³â, çîêðåìà áàçàëüíèõ åï³òå-
ë³àëüíèõ êë³òèí ïðîñòàòè, ëàêòîòðîô³â
àäåíîã³ïîô³çà, åíäîìåòð³ÿ ìàòêè [10, 26],
äî òîãî æ â³í ïðèãí³÷óº àïåòèò ³ çìåíøóº
ê³ëüê³ñòü ñïîæèòî¿ ¿æ³ [4, 9, 20]. Â îñòàíí³
äåñÿòèë³òòÿ ç�ÿâèëèñÿ ïðàö³, ÿê³ ñâ³ä÷àòü
ïðî ó÷àñòü êàëüöèòîí³íó ó ðåãóëÿö³¿ äîçð³-
âàííÿ ôîë³êóë³â ó ÿº÷íèêàõ [16] òà ïðîöåñó
³ìïëàíòàö³¿ åìáð³îíà íà ñòàä³¿ áëàñòîöèñòè
[19]. ²íøèìè âàæëèâèìè âëàñòèâîñòÿìè
éîãî º âïëèâ íà ä³ÿëüí³ñòü îðãàí³â øëóí-
êîâî-êèøêîâîãî òðàêòó. Òàê, ïîêàçàíî, ùî
â³í ïðîòåêòèâíî âïëèâàº íà ñëèçîâó îáî-
ëîíêó øëóíêà [8],  ïðèãí³÷óº øëóíêîâó
ñåêðåö³þ òà ñåêðåö³þ àöèíàðíèõ êë³òèí
ï³äøëóíêîâî¿ çàëîçè [13], ïðè öüîìó ãàëü-
ì³âíà ä³ÿ ãîðìîíó íå ïîâ�ÿçàíà ç³ çìåí-
øåííÿì êîíöåíòðàö³¿ âíóòð³øíüîêë³òèííîãî
êàëüö³þ â òêàíèí³ ï³äøëóíêîâî¿ çàëîçè. Íà
ïðîòèâàãó öüîìó â êèøå÷íèêó êàëüöèòîí³í
ñòèìóëþº ñåêðåö³þ âîäè òà ³îí³â íàòð³þ,
êàë³þ, õëîðó [13]. Îäíàê ïîîäèíîê³ ïðàö³,
ïðèñâÿ÷åí³ âïëèâó êàëüöèòîí³íó íà îêðåì³
ëàíêè õîëåñåêðåòîðíîãî ïðîöåñó, ì³ñòÿòü
ñóïåðå÷ëèâ³ äàí³ [14, 31], êîòð³ íå äàþòü
ìîæëèâîñò³ ïîâíîþ ì³ðîþ îö³íèòè éîãî
ðîëü ó æîâ÷îóòâîðåíí³.

Ìåòà íàøî¿ ðîáîòè � äîñë³äèòè âïëèâ
êàëüöèòîí³íó íà çîâí³øíüîñåêðåòîðíó
ôóíêö³þ ïå÷³íêè ó ùóð³â.

ÌÅÒÎÄÈÊÀ

Ãîñòð³ äîñë³äè ïðîâåäåí³ íà ñàìöÿõ á³ëèõ
ëàáîðàòîðíèõ ùóð³â ìàñîþ 200�250 ã.
Òâàðèíè çíàõîäèëèñÿ íà çâè÷àéíîìó õàð÷î-
âîìó ðàö³îí³ â³âàð³þ, à ïåðåä äîñë³äîì
ãîëîäóâàëè (18�20 ãîä) ç â³ëüíèì äîñòóïîì

äî âîäè. Ùîá óíèêíóòè ïîõèáîê â îö³íö³
îòðèìàíèõ ðåçóëüòàò ³â ,  ïîâ�ÿçàíèõ ³ ç
âïëèâîì äîáîâîãî îáì³ííîãî ðèòìó íà
õîëåðåç, ñïðîáè ïðîâîäèëè â îäèí ³ òîé
ñàìèé ÷àñ äîáè (10.00�15.00). Îïåðàòèâíå
âòðó÷àííÿ çä³éñíþâàëè ï³ä ò³îïåíòàëîâèì
íàðêîçîì (75 ìã/êã ìàñè ò³ëà òâàðèíè â 1
ìë ô³ç³îëîã³÷íîãî ðîç÷èíó, âíóòð³øíüîî÷å-
ðåâèííî), ï³ä ÷àñ ÿêîãî ó â³äïðåïàðîâàíó
çàãàëüíó æîâ÷íó ïðîòîêó ââîäèëè òîíêó
êàíþëþ, ç�ºäíàíó ç ì³êðîï³ïåòêîþ, â ÿêó
çáèðàëè æîâ÷. Òâàðèíàì äîñë³äíî¿ ãðóïè
âíóòð³øíüîì�ÿçîâî ââîäèëè ñèíòåòè÷íèé
êàëüöèòîí³í ëîñîñÿ (Ì³àêàëüöèê, «Íîâàðò³ñ
Ôàðìà ÀÃ», Øâåéöàð³ÿ) â äîç³ 200 íã/êã,
ðîç÷èíåíèé ó ô³ç³îëîã³÷íîìó ðîç÷èí³ ç
ðîçðàõóíêó îá�ºìó 1  ìë/êã  ìàñè ò ³ëà .
Êîíòðîëåì áóëè ñïðîáè ³ç âíóòð³øíüîì�ÿ-
çîâèì ââåäåííÿì òâàðèíàì â³äïîâ³äíîãî
îá�ºìó ô³ç³îëîã³÷íîãî ðîç÷èíó. Âïðîäîâæ
äîñë³äó çáèðàëè 6 ï³âãîäèííèõ ïîðö³é æîâ÷³,
âðàõîâóþ÷è ¿¿ îá�ºì (â ì³êðîë³òðàõ). Ó
êîæí³é â³ä³áðàí³é ïðîá³ ìåòîäîì òîíêî-
øàðîâî¿ õðîìàòîãðàô³¿ òà äåíñèòîìåòðà
ÄÎ-1Ì âèçíà÷àëè êîíöåíòðàö³¿ â³ëüíèõ
(õîëåâà � ÕÊ, õåíîäåçîêñèõîëåâà � ÕÄÕÊ
³ äåçîêñèõîëåâà � ÄÕÊ) òà êîí�þãîâàíèõ
(òàóðîõîëåâà � ÒÕÊ, òàóðîõåíîäåçîêñè-
õîëåâà � ÒÕÄÕÊ, òàóðîäåçîêñèõîëåâà �
ÒÄÕÊ, ãë³êîõîëåâà � ÃÕÊ, ãë³êîõåíîäå-
çîêñèõîëåâà � ÃÕÄÕÊ òà ãë³êîäåçîêñè-
õîëåâà � ÃÄÕÊ) æîâ÷íèõ êèñëîò [1]  ç
ïîäàëüøèì ðîçðàõóíêîì ¿õ äåá³ò³â.

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â ïðî-
âîäèëè çà äîïîìîãîþ ïàêåòà ïðèêëàäíèõ
ïðîãðàì Statistica 6.0, âèêîðèñòîâóþ÷è
êðèòåð³é t Ñòüþäåíòà, îñê³ëüêè âîíè ìàëè
íîðìàëüíèé ðîçïîä³ë ïðè ïåðåâ³ðö³ ¿õ çà
òåñòîì Øàï³ðî�Ó³ëêà. Ñòàòèñòè÷íî çíà÷ó-
ùèìè ââàæàëè â³äì³ííîñò³ ì³æ êîíòðîëåì ³
äîñë³äîì ïðè Ð<0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ðåçóëüòàòè íàøèõ äîñë³äæåíü ïîêàçàëè, ùî
ï³ñëÿ âíóòð³øíüîì�ÿçîâîãî ââåäåííÿ êàëü-
öèòîí³íó ð³âåíü õîëåðåçó âïðîäîâæ ïåðøèõ

Ç.À. Ãîðåíêî, Ë.Ñ. Êàðáîâñüêà, ².Ï. Âàøåêà, Ñ.Ï. Âåñåëüñüêèé
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òðüîõ ï³âãîäèí äîñë³äó ïåðåâèùóâàâ êîíò-
ðîëüí³ çíà÷åííÿ íà 5, 10 òà 16 % â³äïîâ³äíî,
àëå ö³ çì³íè íå áóëè ñòàòèñòè÷íî çíà÷ó-
ùèìè (ðèñ.1). Â íàñòóïí³ 1,5 ãîä â³ðîã³äíî
ï³äâèùóºòüñÿ ð³âåíü æîâ÷îóòâîðåííÿ ùîäî
êîíòðîëþ.  Òàê ,  ó  ÷åòâåðòó  ï ³âãîäèíó
äîñë³äó ê³ëüê³ñòü ñåêðåòîâàíî¿ ïå÷³íêîþ
ùóð³â æîâ÷³ çá³ëüøèëàñÿ íà 20,3 % (Ð<0,05);
â ï�ÿòó � íà 24,1 % (Ð<0,05) ³ â øîñòó � íà
29,8 % (Ð<0,05). Ó ö³ëîìó çà äîñë³ä æîâ÷³
ñåêðåòóâàëîñÿ íà 17,4 % (Ð<0,05) á³ëüøå,
í³æ ó ³íòàêòíèõ òâàðèí.

ßê ïîêàçàëè ðåçóëüòàòè íàøèõ äîñë³ä³â,
ï³ä âïëèâîì ãîðìîíó çá³ëüøèâñÿ ³ àáñî-
ëþòíèé âì³ñò æîâ÷íèõ êèñëîò ó æîâ÷³
(òàáë.1). Äåá³ò ÒÕÊ óïðîäîâæ óñüîãî ïå-
ð³îäó ñïîñòåðåæåííÿ ïåðåâèùóâàâ êîíò-
ðîëüí³ çíà÷åííÿ, ³ çá³ëüøåííÿ â ïåðøîìó
ï³âãîäèííîìó ïðîì³æêó ÷àñó ñòàíîâèëî
53 ,7  % (P<0 ,01) ;  â  äðóãîìó �  56 ,2  %
(P<0,01); â òðåòüîìó � 65,3 % (P<0,001); â
÷åòâåðòîìó �74,3 % (P<0,001); â ï�ÿòîìó
� 76,7 % (P<0,001); â øîñòîìó - 77,8 %
(P<0,001). Óñüîãî çà äîñë³ä ÒÕÊ ñåêðå-
òóâàëîñÿ íà 58,3 % (P<0,001) á³ëüøå, í³æ ó
êîíòðîë³ (äèâ. òàáë.1).

Ïîð³âíÿëüíèé àíàë³ç çì³í àáñîëþòíîãî

âì³ñòó òàóðîäèã³äðîêñèõîëàíîâèõ æîâ÷íèõ
êèñëîò, ÿê³ ïðåäñòàâëåí³ òàóðîêîí�þãàòàìè
ñóì³ø³ õåíîäåçîêñèõîëåâî¿ òà äåçîêñè-
õîëåâî¿ êèñëîò (ÒÕÄÕÊ + ÒÄÕÊ), â æîâ÷³
êîíòðîëüíèõ ³ äîñë³äíèõ òâàðèí ïîêàçàâ
ñòàòèñòè÷íî â³ðîã³äíå çá³ëüøåííÿ äåá³òó
öèõ ñêëàäîâèõ óïðîäîâæ óñüîãî äîñë³äó.
Òàê, çà ïåðøèé ï³âãîäèííèé ïðîì³æîê ÷àñó
ï³ä âïëèâîì êàëüöèòîí³íó äåá³ò ñóìàðíèõ
òàóðîäèã³äðîêñèõîëàíîâèõ êèñëîò çá³ëü-
øèâñÿ ùîäî êîíòðîëþ íà 50 % (P<0,05), ó
äðóãèé íà 59,4 % (P<0,01), ó òðåò³é íà 64,9 %
(P<0,01), ó ÷åòâåðòèé íà 76,7 % (P<0,01), ó
ï�ÿòèé íà 80,2 % (P<0,01) ³ â øîñòèé íà 80,7 %
(P<0,01). Óñüîãî çà 3 ãîä ñïîñòåðåæåííÿ
ñåêðåòóâàëîñÿ íà 68,5 % (P<0,01) ñóì³ø³
ÒÕÄÕÊ ³ ÒÄÕÊ á³ëüøå, í³æ ó êîíòðîë³.

Ñë³ä çàçíà÷èòè, ùî íàø³ ðåçóëüòàòè íå
óçãîäæóþòüñÿ ç ïîâ³äîìëåííÿìè ³íøèõ
àâòîð³â ùîäî âïëèâó êàëüöèòîí³íó íà îá�ºì
³ õ³ì³÷íèé ñêëàä ñåêðåòîâàíî¿ æîâ÷³. Òàê,
çà äàíèìè Jonderko òà Bueno [14] ó ñîáàê
ñêîðîòëèâà àêòèâí³ñòü æîâ÷íîãî ì³õóðà òà
âèêèä æîâ÷³  ó äâàíàäöÿòèïàëó êèøêó,
ñòèìóëüîâàíèõ ñïîæèâàííÿì ¿æ³, ïðèãí³÷ó-
âàëèñÿ ï³ñëÿ âíóòð³øíüîâåííîãî çàñòîñó-
âàííÿ êàëüöèòîí³íó. Äåÿê³ àâòîðè ïîêàçàëè,

Äèíàì³êà ñåêðåö³¿ æîâ÷³ ó ùóð³â ï³ä âïëèâîì êàëüöèòîí³íó (Ì±m; n=18): 1 � êîíòðîëü, 2 � ââåäåííÿ êàëüöèòîí³íó.
* P<0,05
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ùî âíóòð³øíüîì�ÿçîâå ââåäåííÿ öüîãî
ãîðìîíó ìîðñüêèì ñâèíêàì íå ïðèçâîäèëî
äî ñòàòèñòè÷íî çíà÷óùèõ çì³í îá�ºìó
âèä³ëåíî¿ æîâ÷³, ¿¿ ðÍ, à òàêîæ êîíöåíòðàö³¿
â ñåêðåò³ òàóðîõîëàò³â [31]. Ïðîòå òàê³
äîñë³äæåííÿ ïðîâîäèëè íà ³íøèõ ëàáîðà-
òîðíèõ òâàðèíàõ àáî ñòèìóëüîâàí³é õîëå-
ñåêðåö³¿, à ÿê ãîðìîíàëüíèé ÷èííèê çàñòî-
ñîâóâàëè êàëüöèòîí³í ñâèí³. Ïðè öüîìó
àâòîðè íå âèâ÷àëè çì³íè âì³ñòó òà ñïåêòðà
îêðåìèõ æîâ÷íèõ êèñëîò, ùî íå äàº ìîæ-
ëèâîñò³  ïîâíîþ ì³ðîþ îö³íèòè âïëèâ
êàëüöèòîí³íó íà æîâ÷îóòâîðþâàëüíó ôóíê-
ö³þ ïå÷³íêè.

²íøîþ âàæëèâîþ ñêëàäîâîþ êîí�þãî-
âàíèõ æîâ÷íèõ êèñëîò º ãë³êîõîëàòè. Òîìó
ìè äîñë³äèëè ÿê çì³íþºòüñÿ âì³ñò öèõ
êîìïîíåíò³â æîâ÷³  ï³ñëÿ çàñòîñóâàííÿ
ãîðìîíó. Ç�ÿñóâàëîñÿ,  ùî ï³ä âïëèâîì
êàëüöèòîí³íó  àáñîëþòíèé âì³ñò  ÃÕÊ
ïåðåâèùóâàâ êîíòðîëüí³ çíà÷åííÿ ó ïåðøî-
ìó ï³âãîäèííîìó ïðîì³æêó ÷àñó íà 43,6 %,
â äðóãîìó íà 52,9 %, â òðåòüîìó íà 53,0 %,
â ÷åòâåðòîìó íà 65,6 %, â ï�ÿòîìó íà 65,5 %

³ â øîñòîìó íà 60,5 %, ïðîòå ñòàòèñòè÷íî
çíà÷óùèìè ö³ â³äì³ííîñò³, ÿê ³ â ñóì³ çà 3
ãîä ñïðîáè, íå áóëè (äèâ. òàáë. 1).

Íà  â ³äì³íó  â ³ä  ÃÕÊ,  äåá ³ò  ñóì³ø³
ÃÕÄÕÊ ³ ÃÄÕÊ çá³ëüøèâñÿ ñòàòèñòè÷íî
çíà÷óùî (äèâ. òàáë. 1). Òàê, ó ïåðø³é ïðîá³
æîâ÷³ âì³ñò ÃÕÄÕÊ ³ ÃÄÕÊ áóâ á³ëüøèì
â³ä êîíòðîëþ íà 88,9 % (P<0,05); â äðóã³é �
íà 126,1 % (P<0,001); â òðåò³é � íà 117,4 %
(P<0,01); â ÷åòâåðò³é � íà 140 % (P<0,05);
â ï�ÿò³é � íà 152,6 % (P<0,05) ³ â øîñò³é �
íà 111,2 % (P<0,05).  Óñüîãî çà äîñë³ä
ãë³êîêîí�þãàò³â äèã³äðîêñèõîëàíîâèõ æîâ÷-
íèõ êèñëîò âèä³ëèëîñÿ ç æîâ÷þ íà 120,8 %
á³ëüøå (P<0,01) ùîäî êîíòðîëþ.

ßê ïîêàçàëè ðåçóëüòàòè íàøèõ äîñë³ä-
æåíü, ï³ä âïëèâîì êàëüöèòîí³íó â æîâ÷³
ùóð³â çá³ëüøèâñÿ âì³ñò òàóðîõîëàò³â ³
ãë³êîêîí�þãàò³â äèã³äðîêñèõîëàíîâèõ æîâ÷-
íèõ êèñëîò. Ìîæíà ïðèïóñòèòè, ùî êàëüöè-
òîí³í àêòèâóº åíòåðîãåïàòè÷íèé òðàíñ-
ïîðòåð æîâ÷íèõ ñîëåé Oatp3, ëîêàë³çîâàíèé
íà åíòåðîöèòàõ òîíêîãî êèøå÷íèêà, êîòðèé
ìàº âèùó ñïîð³äíåí³ñòü äî ãë³êîêîí�þ-

Êîíòðîëü 1 1,88±0,23 0,94±0,14 1,33±0,32 0,27±0,05 0,27±0,06 0,10±0,02
Êàëüöèòîí³í 2,89±0,06** 1,41±0,08* 1,91±0,11 0,51±0,06* 0,19±0,01 0,09±0,01
Êîíòðîëü 2 1,94±0,18 0,96±0,10 1,36±0,29 0,23±0,03 0,27±0,06 0,12±0,02
Êàëüöèòîí³í 3,03±0,08** 1,53±0,09** 2,08±0,14 0,52±0,04** 0,21±0,02 0,09±0,01
Êîíòðîëü 3 1,90±0,16 0,94±0,10 1,34±0,29 0,23±0,03 0,25±0,05 0,10±0,01
Êàëüöèòîí³í 3,14±0,16*** 1,55±0,10** 2,05±0,17 0,50±0,06** 0,23±0,02 0,10±0,01
Êîíòðîëü 4 1,83±0,15 0,90±0,10 1,25±0,27 0,20±0,03 0,23±0,05 0,09±0,01
Êàëüöèòîí³í 3,19±0,18*** 1,59±0,11** 2,07±0,20 0,48±0,09* 0,23±0,02 0,10±0,01
Êîíòðîëü 5 1,76±0,16 0,86±0,11 1,19±0,27 0,19±0,03 0,21±0,05 0,09±0,01
Êàëüöèòîí³í 3,11±0,19*** 1,55±0,11** 1,97±0,24 0,48±0,10* 0,22±0,01 0,10±0,01
Êîíòðîëü 6 1,71±0,14 0,83±0,09 1,14±0,27 0,18±0,03 0,19±0,05 0,08±0,01
Êàëüöèòîí³í 3,04±0,18*** 1,50±0,10** 1,83±0,23 0,38±0,08* 0,22±0,01 0,09±0,01
Êîíòðîëü Ñóìà 11,62±0,58 5,42±0,64 7,60±1,69 1,30±0,19 1,41±0,31 0,58±0,09
Êàëüöèòîí³í 18,40±0,84***9,13±0,57** 11,90±1,07 2,87±0,41** 1,29±0,08 0,57±0,03

* Ð<0,05; ** Ð<0,01; *** Ð<0,001 ùîäî êîíòðîëþ.

Òàáëèöÿ 1. Âì³ñò æîâ÷íèõ êèñëîò (ìã/ã) ó æîâ÷³ ùóð³â ï³ä âïëèâîì êàëüöèòîí³íó (Ì±m; n=18)

Ñåð³ÿ
äîñë³ä³â

Ï³âãîäèíí³
ïðîì³æêè

÷àñó

Æîâ÷í³ êèñëîòè

òàóðîõîëåâà

òàóðîõåíî-
äåçîêñèõî-
ëåâà òà òàó-
ðîäåçîêñè-

õîëåâà

ãë³êîõîëåâà ãë³êîõåíîäå-
çîêñèõîëåâà
òà ãë³êîäåçî-
êñèõîëåâà

õîëåâà
õåíîäåçîêñè-

õîëåâà òà
äåçîêñèõîëåâà

Ç.À. Ãîðåíêî, Ë.Ñ. Êàðáîâñüêà, ².Ï. Âàøåêà, Ñ.Ï. Âåñåëüñüêèé



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 344

ãîâàíèõ äèã³äðîêñèõîëàíîâèõ æîâ÷íèõ
ñîëåé, òîìó äèã³äðîêñèõîëàòè øâèäøå
ïîâåðòàþòüñÿ äî ïå÷³íêè, í³æ òðèã³äðî-
êñèëüîâàí³ æîâ÷í³ êèñëîòè òà ïîâòîðíî
ñåêðåòóþòüñÿ ç æîâ÷þ [32].

Ìåíøó ÷àñòêó â çàãàëüíîìó ñïåêòð³
õîëàò³â ñòàíîâëÿòü â³ëüí³ æîâ÷í³ êèñëîòè,
êîòð³ áåðóòü àêòèâíó ó÷àñòü ó ôîðìóâàíí³
ñêëàäó áàêòåð³àëüíî¿ ì³êðîôëîðè òîíêîãî
òà òîâñòîãî êèøå÷íèêà. Òîìó áóëî âàæëè-
âèì ç�ÿñóâàòè ÿê âïëèíå êàëüöèòîí³í íà
ñåêðåö³þ öèõ ñêëàäîâèõ æîâ÷³. Ðåçóëüòàòè
íàøèõ äîñë³äæåíü ïîêàçàëè, ùî ï³ñëÿ éîãî
çàñòîñóâàííÿ àáñîëþòíèé âì³ñò â³ëüíî¿ ÕÊ
ó ïåðøèõ òðüîõ ï³âãîäèíàõ äîñë³äó áóâ
ìåíøèì (íà 29,6; 22,3 òà 8,0 % â³äïîâ³äíî),
â ÷åòâåðò³é äîð³âíþâàâ, à â äâîõ îñòàíí³õ �
á³ëüøèì â³ä êîíòðîëþ (íà 4,8 ³ 15,8 %
â³äïîâ³äíî), ïðîòå ñòàòèñòè÷íî çíà÷óùèìè
ö³ â³äì³ííîñò³ íå áóëè (äèâ. òàáë. 1). Äåá³òè
ñóì³ø³ â³ëüíèõ ÕÄÕÊ ³ ÄÕÊ óïðîäîâæ
óñüîãî äîñë³äó ³ç çàñòîñóâàííÿì êàëüöè-
òîí³íó êîëèâàëèñÿ â ìåæàõ êîíòðîëüíèõ
çíà÷åíü ³ â ñóì³ çà 3 ãîä ïðàêòè÷íî íå

â³äð³çíÿëèñÿ â³ä íèõ (äèâ. òàáë. 1).
Â³äîìî, ùî ³íòåíñèâí³ñòü êîí�þãàö³¿ º

ôàêòîðîì, ùî ë³ì³òóº øâèäê³ñòü òðàíñ-
ïîðòó æîâ÷íèõ êèñëîò ó æîâ÷, òîìó ìè
äîñë³äèëè ÿê ï³ä âïëèâîì êàëüöèòîí³íó
çì³íþºòüñÿ  ñï³ââ ³äíîøåííÿ ñóìàðíèõ
êîí�þãîâàíèõ ³ ñóìàðíèõ â³ëüíèõ æîâ÷íèõ
êèñëîò. Ç�ÿñóâàëîñÿ, ùî â æîâ÷³ êîíòðîëü-
íèõ ùóð³â ÷àñòêà êîí�þãîâàíèõ æîâ÷íèõ
êèñëîò íà ïî÷àòêó ñïðîáè ñòàíîâèëà 92,5 %,
à â³ëüíèõ � 7,5 %, ³ çíà÷åííÿ êîåô³ö³ºíòà
êîí�þãàö³¿ � 12,4. Ç ïåðåá³ãîì äîñë³äó
÷àñòêà  â ³ëüíèõ æîâ÷íèõ êèñëîò çìåí-
øóºòüñÿ äî 6,3 %, à êîí�þãîâàíèõ ï³äâè-
ùóºòüñÿ äî 93,7 %, ³ çíà÷åííÿ êîåô³ö³ºíòà
â øîñò³é ïðîá³ ñòàíîâèòü 14,7 (òàáë. 2).

Ï³ñëÿ çàñòîñóâàííÿ ãîðìîíàëüíîãî
÷èííèêà êîíöåíòðàö³ÿ êîí�þãîâàíèõ æîâ÷-
íèõ êèñëîò çá³ëüøóºòüñÿ,  à  â ³ëüíèõ �
çìåíøóºòüñÿ ïîð³âíÿíî ç êîíòðîëåì (äèâ.
òàáë. 2).  Âíàñë³äîê öüîãî â³äáóâàºòüñÿ
ïåðåðîçïîä³ë ó æîâ÷íîêèñëîòíîìó ñïåêòð³,
³  ÷àñòêà  êîí�þãîâàíèõ  õîëàò ³â  çá ³ëü-
øóºòüñÿ. Òàê, ÿêùî â ïåðø³ ï³âãîäèíè

Êîíöåíòðàö³ÿ ñóìàðíèõ 1 410,7±25,3 503,0±21,9*
êîí�þãîâàíèõ æîâ÷íèõ 2 394,3±21,9 501,2±25,3*
êèñëîò, ìã% 3 397,6±26,1 479,5±23,0*

4 385,9±26,4 462,1±25,4
5 377,3±23,9 442,1±25,8
6 369,6±22,3 410,3±25,6

Êîíöåíòðàö³ÿ ñóìàðíèõ 1 33,1±3,7 23,3±1,1*
â³ëüíèõ æîâ÷íèõ êèñëîò, 2 33,4±3,8 24,2±1,3*
ìã% 3 30,7±3,6 23,9±1,3

4 28,6±3,38 23,4±1,6
5 26,5±3,5 22,1±1,0
6 25,1±3,4 21,0±1,1

Êîåô³ö³ºíò êîí�þãàö³¿ 1 12,4 21,6
2 11,8 20,7
3 13,0 20,1
4 13,5 19,7
5 14,2 20,0
6 14,7 19,5

* Ð<0,05 ùîäî êîíòðîëþ.

Òàáëèöÿ 2. Çì³íè êîåô³ö³ºíòà êîí�þãàö³¿ ï³ä âïëèâîì êàëüöèòîí³íó (Ì±m; n=18)
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äîñë³äó ñï³ââ³äíîøåííÿ êîí�þãîâàí³/â³ëüí³
õîëàòè ñòàíîâèëî 95,6  äî 4 ,4  %,  òî  â
îñòàííüîìó âîíî áóëî 94,9 äî 5,1 %. Öå
ïðèçâåëî äî çìåíøåííÿ ç ïåðåá³ãîì äîñë³äó
êîåô³ö³ºíòà êîí�þãàö³¿ � â³ä 21,6 â ïåðø³é
ï³âãîäèíí³é ïðîá³ äî 19,5 â îñòàíí³é (äèâ.
òàáë. 2). Ïðîòå ïîð³âíÿëüíèé àíàë³ç ïîêà-
çàâ, ùî çíà÷åííÿ êîåô³ö³ºíòà êîí�þãàö³¿ ó
äîñë³ä³ çíà÷íî âèù³ â³ä êîíòðîëüíèõ. Òîáòî
ï³ä âïëèâîì êàëüöèòîí³íó â ãåïàòîöèòàõ
³íòåíñèô³êó þòüñÿ ïðîöå ñè êîí�þãàö³ ¿
æîâ÷íèõ êèñëîò ç  àì³íîêèñëîòàìè,  òà
ïîñèëþºòüñÿ êàíàë³êóëÿðíà ñåêðåö³ÿ õîëà-
ò³â, ùî ïîë³ïøóº ñîëþá³ë³çóâàëüí³ âëàñòè-
âîñò³  æîâ÷³  é  ¿ ¿  çäàòí³ñòü óòðèìóâàòè
õîëåñòåðèí ó ðîç÷èíåíîìó ñòàí³.

Â³äîìî, ùî ðåöåïòîðè äî êàëüöèòîí³íó
îêð³ì ê³ñòêîâî¿ òêàíèíè, äå ¿õ íàéá³ëüøå,
åêñïðåñóþòüñÿ â ðåïðîäóêòèâí³é ³ öåíò-
ðàëüí³é íåðâîâ³é ñèñòåìàõ, à òàêîæ â äåÿ-
êèõ îðãàíàõ, çîêðåìà â íèðêàõ, ëåãåíÿõ é
ïå÷³íö³ [6, 12, 16, 19]. Âëàñíå íèí³ ³äåíòè-
ô³êîâàíî äâ³ ³çîôîðìè êàëüöèòîí³íîâèõ
ðåöåïòîð³â � Ñ1à òà Ñ1b, ïðè÷îìó ò³ëüêè
îñòàíí³ ëîêàë³çîâàí³ íà ãåïàòîöèòàõ [5, 24].
Îáèäâ³ ³çîôîðìè íàëåæàòü äî êëàñó ²²
ñóïåððîäèíè G-á³ëîê çâ�ÿçàíèõ ðåöåïòîð³â,
êîòð³ ñêëàäàþòüñÿ ç ñåìè òðàíñìåìáðàí-
íèõ äîìåí³â [24]. Â³äîìî, ùî, âçàºìîä³þ÷è
ç îêðåìèìè G-á³ëêàìè âëàñíèõ ðåöåïòîð³â,
êàëüöèòîí³í ìîæå àêòèâóâàòè ð³çí³ øëÿõè
ñèãíàëüíî¿  òðàíñäóêö³ ¿  [24 ,  25] .  Òàê ,
çâ�ÿçó âàííÿ êàëüöèòîí³íó ç  G

s
-á³ëêîì

àêòèâóº ïðîòå¿íê³íàçó À, à ç G
q
-á³ëêîì �

ôîñôîë³ïàçó Ñ, ùî ïðèçâîäèòü äî ìîá³ë³-
çàö³¿ ³îí³â êàëüö³þ [35] òà àêòèâàö³¿ ïðîòå¿í-
ê³íàçè Ñ, êîòðà â ñâîþ ÷åðãó ñòèìóëþº
òðàíñïîðò ñóëüôàò³â ³ ãëþêóðîí³ä³â æîâ÷íèõ
êèñëîò, à òàêîæ ãëóòàò³îíêîí�þãîâàíèõ
îðãàí³÷íèõ àí³îí³â (â òîìó ÷èñë³ ³ õîëàò³â)
çà äîïîìîãîþ êàíàë³êóëÿðíîãî ìóëüòèñïå-
öèô³÷íîãî òðàíñïîðòåðà îðãàí³÷íèõ àí³îí³â �
Ìrp2 [18]. Îêð³ì òîãî, çà äàíèìè ë³òåðà-
òóðè,  ï³ä âïëèâîì êàëüöèòîí³íó ìîæå
àêòèâóâàòèñü öÀÌÔ, êîòðèé òàêîæ ñòèìó-
ëþº á³ë³àðíó åêñêðåö³þ ñóáñòðàò³â Ìrp2

àêòèâàö³ºþ p38α ì³òîãåíàêòèâóþ÷î¿ ïðî-
òå¿íê³íàçè [11, 17, 27]. Ç ³íøîãî áîêó, ï³ä-
âèùåííÿ êîíöåíòðàö³¿ âíóòð³øíüîêë³òèííîãî
êàëüö³þ âèêëèêàº ñêîðî÷åííÿ ì³êðîô³ëà-
ìåíò³â ãåïàòîöèò³â, ùî òàêîæ ïîñèëþº
âåçèêóëÿðíèé òðàíñïîðò æîâ÷íèõ êèñëîò ó
æîâ÷ [33]. Äî òîãî æ ìîæëèâ³ñòü ñèíòåçó
ñàìîãî êàëüöèòîí³íó òà íàÿâí³ñòü éîãî
òðàíñïîðòåðà â êë³òèíàõ ïå÷³íêè [5] çóìîâ-
ëþþòü çàëó÷åííÿ ãîðìîíó äî ïàðàêðèííî¿
àáî àóòîêðèííî¿ ðåãóëÿö³¿ ìåòàáîë³÷íèõ
ïðîöåñ³â ó ö³é çàëîç³, çîêðåìà ãë³êîãåíîë³çó,
ãëþêîíåîãåíåçó, ñèíòåçó ÀÒÔ òà â³ëüíèõ
æèðíèõ êèñëîò [22, 34].

Îêð³ì  áå çïî ñ åðåäíüîãî  âïëèâó  íà
ãåïàòîöèòè, äî çä³éñíåííÿ ñåêðåòîðíî¿
â³äïîâ³ä³ íà çàñòîñîâàíèé ãîðìîí ìîæóòü
áóòè çàëó÷åí³  é ³íø³,  îïîñåðåäêîâàí³ ,
ìåõàí³çìè. Â³äîìî, ùî êàëüöèòîí³í º îäíèì
ç ïðåäñòàâíèê³â ðîäèíè êàëüöèòîí³í³â, äî
ÿêî¿ òàêîæ íàëåæàòü àäðåíîìåäóë³í, àì³ë³í
òà êàëüöèòîí³í-ãåíñïîð³äíåíèé ïåïòèä,
êîæåí ç ÿêèõ ìàº âëàñí³ ðåöåïòîðè. Ë³òåðà-
òóðí³  äàí³  ñâ ³ä÷àòü ,  ùî ö³  ãîðìîíè º
ñòðóêòóðíèìè ãîìîëîãàìè òà ïðîÿâëÿþòü
ïåðåõðåñíó ðåàêòèâí³ñòü ì³æ ñîáîþ òà
âëàñíèìè ðåöåïòîðàìè [24]. Òàê, ç êàëüöè-
òîí³íîâèìè ðåöåïòîðàìè, îêð³ì êàëüöè-
òîí³íó, ç ð³çíèì ñòóïåíåì ñïîð³äíåíîñò³
ìîæóòü çâ�ÿçóâàòèñÿ êàëüöèòîí³í-ãåíñïî-
ð³äíåíèé ïåïòèä, àì³ë³í òà àäðåíîìåäóë³í
[12]. Ó ñâîþ ÷åðãó êàëüöèòîí³í ³, çîêðåìà,
ñèíòåòè÷íèé êàëüöèòîí³í ëîñîñÿ, ìîæå
çâ�ÿçóâàòèñÿ íå ò³ëüêè ç âëàñíèìè ðåöåï-
òîðàìè â ãîëîâíîìó ìîçêó, à é ç àì³ë³íîâèìè
ðåöåïòîðàìè, ëîêàë³çîâàíèìè â area post-
rema [20]. Òîáòî â³í ïðîõîäèòü ãåìàòî-
åíöåôàë³÷íèé áàð�ºð ³ ä³º ÿê àíàëîã àì³ë³íó,
âèêëèêàþ÷è ïîä³áíèé á³îëîã³÷íèé åôåêò, ùî
òàêîæ âêàçóº íà ìîæëèâ³ñòü çàëó÷åííÿ
öåíòðàëüíèõ ìåõàí³çì³â  äî ðåàë³çàö³ ¿
åôåêò³â êàëüöèòîí³íó íà ð³âí³ ö³ë³ñíîãî
îðãàí³çìó.

Îòæå, îòðèìàí³ íàìè íîâ³ â³äîìîñò³ ïðî
ðåãóëÿòîðíèé âïëèâ êàëüöèòîí³íó íà æîâ÷î-
óòâîðþâàëüíó ôóíêö³þ ïå÷³íêè ìàþòü
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âàæëèâå çíà÷åííÿ, îñê³ëüêè ç�ÿñóâàííÿ
âïëèâó ãîðìîíó íà îêðåì³ ëàíêè õîëåñåê-
ðåòîðíîãî ïðîöåñó äàñòü çìîãó çàïîá³ãòè
íåáàæàíèì óñêëàäíåííÿì, êîòð³ âèíèêàþòü
ïðè ë³êóâàíí³ õâîðèõ ç ïîðóøåííÿìè êàëü-
ö ³ºâîãî  îáì³íó,  à  ò àêîæ ç  ïîºäíàíîþ
ïàòîëîã³ºþ ùèòîïîä³áíî¿ çàëîçè òà ïå÷³íêè.

ÂÈÑÍÎÂÊÈ

1. Êàëüöèòîí³í, çàñòîñîâàíèé âíóòð³øíüî-
ì�ÿçîâî, ñòèìóëþº æîâ÷îóòâîðþâàëüíó
ôóíêö³þ ïå÷³íêè, çá³ëüøóþ÷è îá�ºì ñåêðå-
òîâàíî¿ æîâ÷³, ùî ñâ³ä÷èòü ïðî éîãî õîëå-
ðåòè÷íèé åôåêò.

2. Íà òë³ ï³äâèùåííÿ ð³âíÿ õîëåðåçó
çá³ëüøóºòüñÿ àáñîëþòíèé âì³ñò êîí�þ-
ãîâàíèõ ç òàóðèíîì æîâ÷íèõ êèñëîò.

3. Ï³ä âïëèâîì êàëüöèòîí³íó çá³ëü-
øóºòüñÿ äåá³ò ãë³êîäèã³äðîêñèõîëàíîâèõ
êèñëîò, à ãë³êîõîëåâî¿ òà â³ëüíèõ æîâ÷íèõ
êèñëîò çì³íþºòüñÿ íåâ³ðîã³äíî.

4. Ïðè ä³¿ êàëüöèòîí³íó ï³äâèùóºòüñÿ
êîåô³ö³ºíò êîí�þãàö³¿, ùî ñâ³ä÷èòü ïðî
ïîêðàùåííÿ ñîëþá³ë³çóâàëüíèõ âëàñòè-
âîñòåé æîâ÷³.

Ç.À. Ãîðåíêî, Ë.Ñ. Êàðáîâñêàÿ, È.Ï. Âàøåêà,
Ñ.Ï. Âåñåëüñêèé

ÂËÈßÍÈÅ ÊÀËÜÖÈÒÎÍÈÍÀ
ÍÀ ÂÍÅØÍÅÑÅÊÐÅÒÎÐÍÓÞ ÔÓÍÊÖÈÞ
ÏÅ×ÅÍÈ Ó ÊÐÛÑ

Â îñòðûõ îïûòàõ íà êðûñàõ ñ êàíþëèðîâàííûì îáùèì
æåë÷íûì ïðîòîêîì èññëåäîâàíî âëèÿíèå êàëüöèòîíèíà íà
óðîâåíü õîëåðåçà è ñïåêòð æåë÷íûõ êèñëîò â æåë÷è. Â
òå÷åíèå 3 ÷àñ îïûòà îïðåäåëÿëè èíòåíñèâíîñòü ñåêðåöèè
æåë÷è è ìåòîäîì òîíêîñëîéíîé õðîìàòîãðàôèè ñîäåðæàíèå
â íåé êîíúþãèðîâàííûõ è ñâîáîäíûõ æåë÷íûõ êèñëîò.
Ïîêàçàíî, ÷òî ñèíòåòè÷åñêèé êàëüöèòîíèí ëîñîñÿ,
ââåäåííûé âíóòðèìûøå÷íî â äîçå 200 íã/êã, óâåëè÷èâàåò
îáúåì ñåêðåòèðóåìîé æåë÷è è ñîäåðæàíèå â íåé êîíúþ-
ãèðîâàííûõ æåë÷íûõ êèñëîò. Â ñóìå çà îïûò îáúåì
âûäåëåííîé ïîä âëèÿíèåì êàëüöèòîíèíà æåë÷è óâåëè÷èëñÿ
íà 17,4 % (Ð<0,05) ïî ñðàâíåíèþ ñ êîíòðîëåì, äåáèò
òàóðîòðèãèäðîêñèõîëàòîâ � íà 58,3 % (P<0,001),
òàóðîäèãèäðîêñèõîëàòîâ � íà 68,5 % (P<0,01), ãëèêîäè-
ãèäðîêñèõîëàòîâ � íà 120,8 % (P<0,01), òîãäà êàê ñóììàðíîå
ñîäåðæàíèå ñâîáîäíûõ æåë÷íûõ êèñëîò ïðàêòè÷åñêè íå

îòëè÷àëîñü îò êîíòðîëüíûõ çíà÷åíèé. Óñòàíîâëåíî, ÷òî
ïîä âëèÿíèåì ãîðìîíà ïðîèñõîäèò ïåðåðàñïðåäåëåíèå â
æåë÷íîêèñëîòíîì ñïåêòðå è äîëÿ êîíúþãèðîâàííûõ
õîëàòîâ óâåëè÷èâàåòñÿ íà ôîíå óìåíüøåíèÿ òàêîâîé
ñâîáîäíûõ. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî
ïîä âëèÿíèåì êàëüöèòîíèíà â ãåïàòîöèòàõ óñèëèâàþòñÿ
ïðîöåññû êîíúþãàöèè æåë÷íûõ êèñëîò ñ àìèíîêèñëîòàìè
ãëèöèíîì è òàóðèíîì, à òàêæå êàíàëèêóëÿðíîé ñåêðåöèè,
÷òî óëó÷øàåò ñîëþáèëèçèðóþùèå ñâîéñòâà æåë÷è, åå
ñïîñîáíîñòü óäåðæèâàòü õîëåñòåðèí â ðàñòâîðå è
ïðåïÿòñòâóåò îáðàçîâàíèþ êîíêðåìåíòîâ â æåë÷å-
âûâîäÿùèõ ïóòÿõ.
Êëþ÷åâûå ñëîâà: êàëüöèòîíèí, æåë÷åîáðàçîâàíèå,
òàóðîõîëàòû, ãëèêîõîëàòû, ñâîáîäíûå æåë÷íûå êèñëîòû.

Z.A.Gorenko, L.S.Karbovska, I.P.Vascheka,
S.P.Veselsky

THE INFLUENCE OF CALCITONIN ON THE
LIVER BILE FORMATION FUNCTION IN RATS

The influence of calcitonin on the choleresis level and bile
acids spectrum was investigated in acute experiments on the
rats with common biliary duct cannulated. We determined the
intensity of bile secretion during 3 hours and quantitative
content of conjugated and free bile acids using thin-layer
chromatography. It was shown that intramuscular introduc-
tion of synthetic salmon calcitonin (200 ng/kg) increases the
secreted bile volume and the content of conjugated bile acids in
the bile. The administration of salmon calcitonin resulted in
increase of bile volume (+17,4% (Ð<0.05)), taurotrihyd-
roxycholates (+58,3% (P<.001)), taurodihydroxycholates
(+68,5% (P<0.01)), glycodihydroxycholates (+120,8%
(P<0.01)), while the total content of free bile acids was not
significantly altered as compared with control. At the same
time, under the hormone influence we observed bile acid spec-
trum redistribution and a part of conjugated cholates increased
against a decreasing of free bile acids part. The present results
suggest that the salmon calcitonin intensifies the processes of
conjugation of bile acids with amino acids taurine and glycine
in hepatocytes and canalicular secretion that results in
improvement of solubilization properties of the bile, ability of
the bile to hold cholesterol in solute state and prevent the
formation of calculi in biliary tracts.
Key words: calcitonin, bile formation, taurocholates,
glycocholates, free bile acids.

Taras Shevchenko National  University of Kyiv

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. À.ñ. 1624322 ÑÑÑÐ, ÌÁÈ G 01 N 33/50 Ñïîñîá
îïðåäåëåíèÿ æåë÷íûõ êèñëîò â áèîëîãè÷åñêîé
æèäêîñòè / Ñ.Ï. Âåñåëüñêèé, Ï.Ñ. Ëÿùåíêî, È.À.
Ëóêüÿíåíêî (ÑÑÑÐ);   ¹ 4411066/14;  çàÿâë.
25.01.1988; îïóáë.30.01.1991, Áþë.¹ 4.

2. Andreotti G., Mendez B.L., Amodeo P., Morelli M.,

Âïëèâ êàëüöèòîí³íó íà çîâí³øíüîñåêðåòîðíó ôóíêö³þ ïå÷³íêè



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 47

Nakamuta H., Motta A. Structural determinants of
salmon calcitonin bioactivity. The role of the leu-based
amphipathic á-helix // J. Biol. Chem. � 2006.  � 281,
¹ 34. � P.24193�24203.

3. Azria M. Possible mechanisms of the analgesic action
of calcitonin // Bone. � 2002. � 30, ¹ 5. � P.80S�83S.

4. Bello N.T., Kemm M.H., Moran T.H. Salmon calcitonin
reduces food intake through changes in meal sizes in
male rhesus monkeys // Amer. J. Physiol. Regul. Integr.
Comp. Physiol. � 2008. � 295. � P.R76�R81.

5. Bracq S., Machairas M., Clement B. Pidoux E.,
Andreoletti M., Moukhtar M.S., Jullienne A. Calcitonin
gene expression in normal human liver // FEBS Lett. �
1993. � 331. � P.15�18.

6. Chen S., Morimoto S., Tamatani M., Fukuo K.,
Nakahashi T., Nishibe A., Jiang B., Ogihara T.
Calcitonin prevents CCl

4
-induced hydroperoxide gen-

eration and cytotoxicity possibly through C1b receptor
in rat hepatocytes // Boichem. Biophys. Res. Com. �
1996. � 218. � P.865-�71.

7. Davey R.A., Turner A.G., McManus J.F., Chiu W.S.,
Tjahyono F., Moore A.J., Atkins G.J., Anderson P.H.,
Ma C., Glatt V., MacLean H.E., Vincent C., Bouxsein
M., Morris H.A., Findlay D.M., Zajac J.D. Calcitonin
receptor plays a physiological role to protect against
hypercalcemia in mice // J. Bone Miner. Res. � 2008. �
23 (8). � P.1182�1193.

8. Dubay D., Ephgrave K.S., Cullen J.J., Broadhurst K.A.
Intracerebroventricular calcitonin prevents stress-in-
duced gastric dysfunction // J. Surg. Res. � 2003. �
119. � P.188�192.

9. Eiden S., Daniel C., Steinbrueck A. Schmidt I., Simon E.
Salmon calcitonin � a potent inhibitor of food intake in
states of impaired leptin signalling in laboratory rodents
// J. Physiol. � 2002. � 541 (3). � P.1041�1048.

10. Franceschini R., Cataldi A., Cianciosi P., Garibaldi A.,
Consini G., Barreca T., Rolandi E. Calcitonin and â-
endorphin secretion // Biomed. Pharmacother. � 1993. �
47. � P.305�309.

11. Gatmaitan Z.C., Nies A.T., Arias I.M. Regulation and
translocation of ATP-dependent apical membrane pro-
teins in rat liver // Amer. J. Physiol. Gastrointest. Liver
Physiol. � 1997. � 272. � P.G1041�G1049.

12. Hilton M.J., Dowton M., Houssami S., Sexton P.M.
Identification of key components in the irreversibility
of salmon calcitonin binding to calcitonin receptors //
J. Endocrinol. � 2000. � 166. � P.213�226.

13. Hotz J., Goebell H., Ziegler R. Calcitonin and exocrine
pancreatic secretion in man: inhibition of enzymes
stimulated by CCK-pancreozymin, caerulein, or
calcium � no response to vagal stimulation // Gut. �
1977. � 18. � P.615�622.

14. Jonderko K., Bueno L. Effect of peripherally and cen-
trally administered calcitonin on gallbladder emptying
in dogs // J. Gastroenterol. � 1997. � 32. � P.380�388.

15. Kanis J., McCloskey E. Effect of calcitonin on verte-
bral and other fracture // Q. J. Med. � 1999. � 92. �

P.143�150.
16. Krzysik-Walker S.M., Ocon-Grove O.M., Maddineni

S.B., Hendricks III G.L., Ramachandran R.. Identifica-
tion of calcitonin expression in the chicken ovary:
influence of follicular maturation and ovarian steroids
// Biol. Reprod. � 2007. � 77. � P.626�635.

17. Kubitz R., Sutfels G., Kuhlkamp T., Kolling R.,
Haussinger D. Trafficking of the bile salt export pump
from the Colgi to the canalicular membrane is regulated
by the p38 MAP kinase // Gastroenterology. � 2004. �
126. � P.407�419.

18. Kullak-Ublick G.A., Stieger B., Meier P.G. Enterohepatic
bile salt transporters in normal physiology and liver dis-
ease // Ibid. � 2004. � 126 (1). � P.322�342.

19. Li Q., Wang J., Armant R., Bagchi M.K., Bagchi I.C.
Calcitonin down regulates E-cadherin expression in
rodent uterine epithelium during implantation // J. Biol.
Chem. � 2002. � 277, ¹ 48. � P.46447�46455.

20. Lutz T.A., Tschudy S., Rushing P.A., Scharrer E.
Amylin receptors mediate the anorectic action of
salmon calcitonin (sCT) // Peptides. � 2000. � 21. �
P.233�238.

21. Menta N.M., Malootian A., Gilligan J.P. Calcitonin
for osteoporosis and bone pain // Curr. Pharm. Des. �
2003. � 9. � P.2659�2676.

22. Nishizawa Y., Okui Y., Inaka M., Yukicka K., Miki T.,
Watanabe Y., Morii H. Calcium/calmodulin-mediated
action of calcitonin on lipid metabolism in rats // J.
Clin. Invest. � 1988. � 82. � P.1165�1172.

23. Pham V., Wade J.D., Purdue B.W., Sexton P.M. Spatial
proximity between a photolabile residue in position
19 of salmon calcitonin and the amino terminus of the
human calcitonin receptor // J. Biol. Chem. � 2004. �
279, ¹ 8. � P.6720�6729.

24. Poyner D.R., Sexton P.M., Marshall I., Smith D.M.,
Quirion R., Born W., Muff R., Fisher J., Foord S.M.
International union of pharmacology. XXXII. The
mammalian calcitonin gene-related peptides, adreno-
medullin, amylin, and calcitonin receptors // Pharmacol.
Rev. � 2002. � 54. � P.233�246.

25. Purdue B., Tilakaratne N., Sexton P.M. Molecular
pharmacology of the calcitonin receptor // Recept.
Cennels. � 2002. � 8 (3-4). � P.243�255.

26. Ren Y., Chien J., Sun Y.P., Shan G.V. Calcitonin is ex-
pressed in gonadotropes of the anterior pituitaty gland:
its possible role in paracrine regulation of lactotrope
function // J. Endocrinol. � 2001. � 171. � P.217�228.

27. Schonhoff C.M., Webster C.R.L., Anwer M.S. Cyclic
AMP stimulates Mrp2 translocation by activating p38á
MAPK in hepatic cells // Amer. J. Physiol. Gastrointest.
Liver Physiol.  � 2010. � 298.  � P.G667�G674.

28. Seema M., Sushima B., Ranjan J. Evaluation of the
analgesic effect of salmon calcitonin in metastatic bone
pain // Unit Anaesthesiol. � 2003. � 9 (1). � P.8�13.

29. Shah G.V., Rayford W., Noble M.J., Austenfeld M.,
Weidel J., Vamos Mebust W.K. Calcitonin stimulates
growth of human prostate cancer cells through receptor-

Ç.À. Ãîðåíêî, Ë.Ñ. Êàðáîâñüêà, ².Ï. Âàøåêà, Ñ.Ï. Âåñåëüñüêèé



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 348

mediated increase in cyclic adenosine 3',5'-monophos-
phates and cytoplasmic Ca

2+
 transient // Endocrinol-

ogy. � 1994. � 134. � P.596�602.
30. Sommerville B.A., Fox J. Changes in renal function of

the chicken associated with calcitonin and parathyroid
hormone // Gen. Comp. Endocrinol. � 1987. � 66. �
P.381�386.

31. Tarnawski A., Bogdal J., Dura K., Marszalek Z.,
Jedrychowski A. Effect of calcitonin on the formation,
composition, and enzymatic activity of the hepatic bile
in guinea pigs // Gut. � 1974. � 15, ¹ 9. � P.703�705.

32. Walters H.C., Craddock A.L., Fusegawa H., Willingham
M.C., Dawson P.A. Expression, transport properties,

and chromosomal location of organic anion transporter
subtype 3 // Amer. J. Physiol. Gastrointest. Liver
Physiol. � 2000. � 279. � P.G1188�G1200.

33. Watanabe S. ,  Phil l ips M.J.  Ca
2+

 causes act ive
contraction of bile canaliculi: direct evidence from mi-
croinjection studies // Proc. Natl. Acad. Sci. USA. �
1984. � 81. � P.6164�6168.

34. Yamaguchi M. Calcitonin stimulates gluconeogenesis in
fasted rats // Endocrinol. Jpn. � 1981. � 28. � P.51�57.

35. Yamaguchi M. Stimulatory effect of calcitonin on Ca
2+

inflow in isolated rat hepatocytes // Mol. Cell.
Endocrinol. � 1991. � 75 (1). � P.65�70.

Êè¿â. íàö. óí-ò ³ì. Òàðàñà Øåâ÷åíêà
Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 12.01.2011

Âïëèâ êàëüöèòîí³íó íà çîâí³øíüîñåêðåòîðíó ôóíêö³þ ïå÷³íêè



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 49

ÓÄÊ 612.014.46:612.821:615.214:547.78

².². Êîðåíþê, ².Â. ªï³øê³í, Ò.Â. Ãàììà, Ä.Ð. Õóñà³íîâ

Âïëèâ ïîõ³äíèõ 1,5-áåíçîä³àçåï³íó íà åëåêòðè÷íó
àêòèâí³ñòü íåéðîí³â Helix albescens Rossm

Âèêîðèñòîâóþ÷è ñòàíäàðòíó ìåòîäèêó âíóòð³øíüîêë³òèííîãî â³äâåäåííÿ ïîòåíö³àë³â,
äîñë³äæåíî âïëèâ äâîõ íîâèõ ïîõ³äíèõ 1,5-áåíçîä³àçåï³í-2-îíó íà åëåêòðè÷íó àêòèâí³ñòü
íåéðîí³â Hel³x albescens Rossm. Âñòàíîâëåíî, ùî ö³ ðå÷îâèíè ìàþòü íåéðîòðîïí³ âëàñòèâîñò³,
ñïðÿìîâàí³ñòü ³ âèðàçí³ñòü åôåêò³â ÿêèõ çàëåæèòü â³ä ¿õíüî¿ õ³ì³÷íî¿ ñòðóêòóðè,
çàñòîñîâóâàíî¿ êîíöåíòðàö³¿ é, ó ö³ëîìó, íå çàëåæèòü â³ä òèïó íåéðîí³â. Äîñë³äæåíî åôåêòè
ñïîëóê ó ä³àïàçîí³ â³ä 10-6 äî 10-2 ìîëü/ë, íà ï³äñòàâ³ ÿêèõ âèçíà÷åí³ ãðàíè÷í³, îïòèìàëüí³ é
òîêñè÷í³ êîíöåíòðàö³¿ ðå÷îâèí. Óñòàíîâëåíî, ùî â îñíîâ³ ìåõàí³çìó ä³¿ òåñòîâàíèõ ïîõ³äíèõ
ëåæèòü ¿õí³é ïðÿìèé âïëèâ íà åëåêòðîãåíåç íåéðîí³â. Àíàë³ç ñóìàðíèõ ³îííèõ ñòðóì³â ïîêàçàâ,
ùî ç³ çá³ëüøåííÿì êîíöåíòðàö³¿ ñïîëóê ñïî÷àòêó çìåíøóþòüñÿ øâèäêîñò³ âõ³äíèõ ³îííèõ
íàòð³ºâèõ ³ êàëüö³ºâèõ, à ïîò³ì ³ âèõ³äíèõ êàë³ºâèõ ñòðóì³â. Ïîêàçàíî, ùî åôåêòè 4-ìåòèë-1,5-
áåíçîä³àçåï³í-2-îíó íàñòàþòü øâèäøå, í³æ 3-ìåòèë-1,5-áåíçîä³àçåï³í-2-îíó.
Êëþ÷îâ³ ñëîâà: ïîõ³äí³ 1,5-áåíçîä³àçåï³í-2-îíó, âèíîãðàäíèé ðàâëèê, íåéðîí, åëåêòðè÷íà
àêòèâí³ñòü.
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ÂÑÒÓÏ

Íèí³  áåíçîä³àçåï³íè (ÁÄ)  º  íàéá³ëüø
ïîøèðåíîþ ãðóïîþ ïñèõîòðîïíèõ çàñîá³â,
ìåõàí³çì ä³¿ òà ôàðìàêîëîã³÷í³ âëàñòèâîñò³,
ÿêèõ äîñèòü äîáîðå âèâ÷åíî [2�7, 9, 11, 12].
Íàñàìïåðåä öå ñòî ñóºòüñÿ 1 ,4-ÁÄ,  ÿê³
ââàæàþòüñÿ �ÿê³ñíèìè� ïðåïàðàòàìè ç
âèñîêîþ åôåêòèâí³ñòþ, áåçïåêîþ òà íèçü-
êîþ òîêñè÷í³ñòþ [14, 18, 19]. Ïðè öüîìó
ñïåêòð ¿õ ïñèõîôàðìàêîëîã³÷íèõ âëàñòè-
âîñòåé íàäçâè÷àéíî øèðîêèé ³ âêëþ÷àº
àíêñ³îë³òè÷íó, ïðîòèñóäîìíó, ã³ïíîòè÷íó,
ì³îðåëàêñóþ÷ó, àìíåñòè÷íó ä³¿ [6, 7, 14, 15].
Ñåðåä ñïîëóê öüîãî ðÿäó øèðîêî çàñòî-
ñîâóºòüñÿ ä³àçåïàì (7-õëîð-1,3-äèã³äðî-1-
ìåòèë-5-ôåí³ë-2H-1,4-áåíçîä³àçåï³í-2-îí),
ÿêèé ìàº âèðàæåíèé çàñïîê³éëèâèé, íåçíà÷-
íèé ñóäîìíèé âïëèâè, ïîòåíö³þº åôåêòè
ñíîä³éíèõ, íàðêîòè÷íèõ, ì³îðåëàêñàíòíèõ ³
áîëåçàñïîê³éëèâèõ çàñîá³â [15, 18, 19].

Êð³ì 1,4-ÁÄ óæå ñèíòåçîâàíî ³ íèçêó
íîâèõ ñïîëóê êëàñó 1,5-ÁÄ, ñåðåä íèõ
âèÿâëåí³ ðå÷îâèíè ç âëàñòèâîñòÿìè òðàí-

êâ³ë³çàòîð³â, àíàëãåòèê³â, à òàêîæ ñåäàòèâí³
ïðåïàðàòè  [11] .  Ó  ìåäè÷í³é  ïðàêòèö³
øèðîêî çàñòîñîâóºòüñÿ êëîáàçàì (Cloba-
zam, 7-õëîð-1-ìåòèë-5-ôåí³ë-1Í-1,5-áåíçî-
ä³àçåï³í-2,4(3Í,5Í)-ä³îí) � òðàíêâ³ë³çàòîð,
ÿêèé ìàº àíêñ³îë³òè÷íó ³ ïðîòèñóäîìíó ä³¿.
Éîãî ðåêîìåíäîâàíî äëÿ çàñòîñóâàííÿ
ãîëîâíèì ÷èíîì ïðè ñòàíàõ, ùî ñóïðîâîä-
æóþòüñÿ ãîñòðèì ³ õðîí³÷íèì ïî÷óòòÿì
ñòðàõó, ³ ÿê äîäàòêîâèé çàñ³á ïðè ë³êóâàíí³
åï³ëåïñ³¿ [15].

Â³äîìî, ùî ñêðèí³íã íîâèõ ñèíòåçîâàíèõ
ðå÷îâèí ç ïåðåäáà÷óâàíèìè òåðàïåâòè÷-
íèìè âëàñòèâîñòÿìè îáîâ�ÿçêîâî âêëþ÷àº
åòàï äîêë³í³÷íèõ âèïðîáóâàíü, ó ðåçóëüòàò³
ÿêèõ àãåíò ïîâèíåí ïðîéòè äîñë³äæåííÿ íà
òâàðèíàõ ç âèâ÷åííÿ çàãàëüíèõ âëàñòè-
âîñòåé ³ ìåõàí³çì³â éîãî ä³¿.

Ìåòà íàøî¿ ðîáîòè � âèâ÷èòè çì³íè
åëåêòðîô³ç³îëîã³÷íèõ ïîêàçíèê³â ôóíêö³î-
íàëüíîãî  ñòàíó  íåéðîí³â  ìîëþñêà  íà
ïîçàêë³òèííó àïë³êàö³þ ð³çíèõ êîíöåíòðàö³é
äâîõ íîâèõ ïîõ³äíèõ 1,5-ÁÄ.
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ÌÅÒÎÄÈÊÀ

Íåéðîô³ç³îëîã³÷í³ åêñïåðèìåíòè áóëè ïðî-
âåäåí³ çà äîïîìîãîþ ñòàíäàðòíî¿ ìåòîäèêè
âíóòð³øíüîêë³òèííîãî â³äâåäåííÿ ïîòåí-
ö³àë³â òà ¿õ åëåêòðè÷íîãî äèôåðåíö³þâàííÿ
[1] íà ³äåíòèô³êîâàíèõ ³ íå³äåíòèô³êîâàíèõ
íåéðîíàõ äîðñàëüíî¿ ïîâåðõí³ ïðàâîãî
ïàð³ºòàëüíîãî (ÏÏàÃ, n = 45) ³ â³ñöåðàëüíîãî
(ÂÃ, n = 53) ãàíãë³¿â Helix albescens Rossm.
²äåíòèô³êàö³þ íåéðîí³â çä³éñíþâàëè â³çó-
àëüíî çà êàðòîþ Ñàõàðîâà [13] òà çà åëåêò-
ðîô³ç³îëîã³÷íèìè ïîêàçíèêàìè. Äåòàëüíî
ìåòîäèêà îïèñàíà íàìè ðàí³øå [8]. Çàãàëüíà
ñõåìà åêñïåðèìåíò³â áóëà òàêîþ. Ñïî÷àòêó
ðåºñòðóâàëè àêòèâí³ñòü îäíîãî ³ òîãî ñà-
ìîãî íåéðîíà âïðîäîâæ 1 õâ äî àïë³êàö³¿
(ôîí), à ïîò³ì ïðîòÿãîì 5 õâ çà íàÿâíîñò³ â
íàâêîëèøíüîêë³òèííîìó ñåðåäîâèù³ òåñòî-
âàíî¿ ðå÷îâèíè çàäàíî¿ êîíöåíòðàö³¿ é ùå
ïðîòÿãîì 20�30 õâ â³äìèâàííÿ. Ìè äîñë³ä-
æóâàëè âïëèâ äâîõ ïîõ³äíèõ 1,5-ÁÄ, à ñàìå,
4-ìåòèë-2,3,4,5-òåòðàã³äðî-1H-1,5-áåíçî-
ä³àçåï³í-2-îíó (4-ìåòèë-1,5-ÁÄ) ³ 3-ìåòèë-
2,3,4,5,-òåòðàã³äðî-1H-1,5-áåíçîä³àçåï³í-2-
îíó (3-ìåòèë-1,5-ÁÄ) ó êîíöåíòðàö³ÿõ 10-6,
10-5, 10-4, 10-3 ³ 10-2 ìîëü/ë. Ö³ ðå÷îâèíè
ñèíòåçîâàí³ é ïåðåâåäåí³ â õëîðèäè íà
êàôåäð³  îðãàí³÷íî¿  õ³ì³ ¿  Òàâð³éñüêîãî
íàö³îíàëüíîãî óí³âåðñèòåòó ³ì. Â.². Âåðíàä-
ñüêîãî. ¯õíÿ ÷èñòîòà ñòàíîâèëà íå ìåíøå
í³æ 98 %. Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â
ïðîâîäèëè ç âèêîðèñòàííÿì íåïàðàìåò-
ðè÷íîãî êðèòåð³þ Â³ëêîêñîíà â ïðîãðàì³
Stat³st³ca 6.0.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ï³ä âïëèâîì îáîõ òåñòîâàíèõ ñïîëóê íåé-
ðîòðîïíèé åôåêò ó âñ³õ äîñë³äæåíèõ íåé-
ðîí³â ÏÏàÃ ³ ÂÃ ïî÷èíàâ ïðîÿâëÿòèñÿ â
êîíöåíòðàö³¿ 10-5 ìîëü/ë. Îïòèìàëüíà éîãî
âèðàçí³ñòü ñïîñòåð³ãàëàñÿ ïðè êîíöåíò-
ðàö³ÿõ 10-4 ³ 10-3 ìîëü/ë, à ïðè 10-2 ìîëü/ë
ïðîÿâëÿëàñÿ òîêñè÷íà ä³ÿ ó 3-ìåòèë-1,5-ÁÄ
é íàâ³òü ëåòàëüíà ó 4-ìåòèë-1,5-ÁÄ. Á³ëüø
äåòàëüíî îñîáëèâîñò³ âïëèâó òåñòîâàíèõ

ñïîëóê ïðåäñòàâëåí³ íèæ÷å.
Åôåêòè 4-ìåòèë-1,5-ÁÄ. 4-ìåòèë-1,5-ÁÄ
ó êîíöåíòðàö³¿ 10-4 ìîëü/ë ó äîñë³äæåíèõ
íåéðîí³â (ÏÏàÃ � n=22, ÂÃ � n=26) ñïî-
÷àòêó âèêëèêàâ íåçíà÷íå çíèæåííÿ ¿õíüîãî
ìåìáðàííîãî ïîòåíö³àëó (ÌÏ), íà òë³ ÿêîãî
ïðîÿâëÿëàñÿ ïà÷êà ³ìïóëüñ³â (òèïîâèé
ïðèêëàä ïðåäñòàâëåíèé íà ðèñ. 1,à). Ï³ñëÿ
÷îãî âïðîäîâæ ïåâíîãî ÷àñó (50�80 ñ)
ãåíåðàö³ÿ ïîòåíö³àë³â ä³¿ (ÏÄ), ÿê ïðàâèëî,
ïðèïèíÿëàñü, àëå ïðîñòåæóâàëèñÿ ôëóê-
òóàö³¿ ÌÏ, ÿê³ çàâåðøóâàëèñÿ ïîíîâëåííÿì
ãåíåðàö³¿ ÏÄ ç ÷àñòîòîþ ¿õíüîãî ñë³äó-
âàííÿ, êîòðà ïåðåâèùóâàëà âèõ³äíèé ð³âåíü.
Ïðè öüîìó âèÿâëåíà ö³êàâà îñîáëèâ³ñòü:
ïðîòÿãîì ï�ÿòèõâèëèííî¿ åêñïîçèö³¿ ðå÷î-
âèíè ó äîñë³äæåíèõ íåéðîí³â ÿê ÏÏàÃ, òàê
³ ÂÃ, ùî ãåíåðóâàëè äî àïë³êàö³¿ íå á³ëüøå
í³æ 1�2 ÏÄ/õâ, ÷àñòîòà ãåíåðàö³¿ ³ìïóëüñ³â
(×Ã²) çðîñòàëà â 2�3 ðàçè ³ çáåð³ãàëàñÿ
ï³äâèùåíîþ. Öå, íàïåâíî, ïîÿñíþºòüñÿ
ñêîðî÷åííÿì ïåð³îäó ³íàêòèâàö³¿ íàòð³ºâèõ
êàíàë³â.  Ó íåéðîí³â ç á³ëüøîþ ×Ã² äî
àïë³êàö³¿ íå ñïîñòåð³ãàëîñü ³ñòîòíî¿ ¿¿ çì³íè.
Â ö³ëîìó â 75 % äîñë³äæåíèõ íåéðîí³â 4-
ìåòèë-1,5-ÁÄ ó òàê³é êîíöåíòðàö³¿ ïðîÿâëÿâ
àêòèâóþ÷èé íåéðîòðîïíèé åôåêò, òîáòî
çá³ëüøóâàâ ôóíêö³îíàëüíó ðóõëèâ³ñòü ¿õíüî¿
ìåìáðàíè.

Ñë³ä çàóâàæèòè, ùî ×Ã² çáåð³ãàëàñÿ
ï³äâèùåíîþ ïîð³âíÿíî ç ôîíîì íå ò³ëüêè ï³ä
÷àñ  åêñïîçèö³ ¿  4 -ìåòèë-1 ,5-ÁÄ,  àëå  é
ïðîòÿãîì â³äìèâàííÿ (20 õâ), ùî âêàçóº íà
íàÿâí³ñòü ó íüîãî äîñèòü òðèâàëî¿ ï³ñëÿä³¿.
Ìîæëèâî, öå ñâ³ä÷èòü ïðî òå, ùî ñïîëóêà
ì³öíî çâ�ÿçóºòüñÿ ç ìåìáðàííèìè á³ëêàìè
àáî äóæå ïîâ³ëüíî á³îòðàíñôîðìóºòüñÿ.

Ó äåÿêèõ íåéðîí³â  ÏÏà1 õàðàêòåð
ðåàêö³¿ íà ä³þ 4-ìåòèë-1,5-ÁÄ áóâ ³íøèì ÿê
îïèñàíî âèùå (ðèñ. 2). ßê âèäíî ç ðèñóíêà
ïðè àïë³êàö³¿ ó êîíöåíòðàö³¿ 10-4 ìîëü/ë
íåéðîí ãåíåðóâàâ ïà÷êó ÏÄ ç á³ëüøèì
îâåðøóòîì ïîð³âíÿíî ç ôîíîì (äèâ. ðèñ.
2,à). Ñåðåä òàêèõ ÏÄ ñïîñòåð³ãàëèñÿ òàêîæ
³ìïóëüñè ìåíøî¿ àìïë³òóäè ³ íàâ³òü áàãàòî-
êîìïîíåíòí³  çáóäëèâ³  ïîñòñèíàïòè÷í³

Âïëèâ ïîõ³äíèõ 1,5-áåíçîä³àçåï³íó íà åëåêòðè÷íó àêòèâí³ñòü íåéðîí³â
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ïîòåíö³àëè (ÇÏÑÏ). Âàðòî â³äì³òèòè, ùî
àìïë³òóäà îñòàíí³õ õî÷à ³ ïåðåâèùóâàëà
êðèòè÷íèé ð³âåíü äåïîëÿðèçàö³¿, õàðàê-
òåðíèé äëÿ ôîíîâèõ çíà÷åíü, àëå âîíè íå
ïåðåðîñòàëè â ÏÄ (äèâ. ðèñ. 2,á,â). Â³äîìî
[10] ,  ùî ÏÏà1 º  ïåéñìåêåðîïîä³áíèì
íåéðîíîì ³ éîãî àêòèâí³ñòü ìàº åêçîãåííå
ïîõîäæåííÿ ,  òîáòî  áå ç  ñèíàïòè÷íîãî
âïëèâó â³ä íåéðîíà V7 öÿ êë³òèíà íå çäàòíà
ãåíåðó âàòè  ÏÄ.  Ç  ³íøîãî  áîêó,  ïîÿâà
íèçüêîàìïë³òóäíèõ ÏÄ ³ ÇÏÑÏ, ÿê³ ðîçâè-
âàþòüñÿ áåçïîñåðåäíüî çà ïîâíîì³ðíèìè
ÏÄ, çóìîâëåíà ñèíàïòè÷íèì ïðèïëèâîì äî
ìåìáðàíè ÏÏà1, ùî íàäõîäèòü ó ôàçó
â³äíîñíî¿ ðåôðàêòåðíîñò³ àáî ñë³äîâî¿
ã³ïåðïîëÿðèçàö³¿ â³ä ïîïåðåäíüîãî ÏÄ. Ñë³ä

â³äì³òèòè, ùî ³ äîñèòü â³äñòàâëåí³ â³ä ÏÄ
ÇÏÑÏ (äèâ. ðèñ. 2,â), ÿê³ ìàþòü àìïë³òóäó,
êîòðà ïåðåâèùóº êðèòè÷íèé ð³âåíü ôîíîâî¿
äåïîëÿðèçàö³¿, íå çàâåðøóþòüñÿ ãåíåðàö³ºþ
ÏÄ. Ïîÿâà òàêèõ ÇÏÑÏ, ç îäíîãî áîêó,
âêàçóº íà àêòèâàö³þ ñïîëóêîþ 4-ìåòèë-1,5-
ÁÄ íåéðîí³â, ÿê³ ìàþòü çâ�ÿçîê ç íåéðîíîì
ÏÏà1. Âîäíî÷àñ öÿ ðå÷îâèíà ïðèçâîäèòü
äî çíèæåííÿ åôåêòèâíîñò³ ñèíàïòè÷íî¿
ïåðåäà÷³, îñê³ëüêè âèíèêàþòü ÇÏÑÏ, ÿê³ íå
çàïóñêàþòü ãåíåðàö³þ ÏÄ. Íå âèêëþ÷åíî
òàêîæ, ùî âîíà ä³º íà ìåìáðàíó íåéðîíà
ÏÏà1, ùî é ñïðè÷èíþº ïîÿâó ÏÄ ìåíøî¿
àìïë³òóäè òà ÇÏÑÏ. Îòæå, ìîæíà ââàæàòè,
ùî 4-ìåòèë-1,5-ÁÄ ìîæå ñåëåêòèâíî àêòè-
âóâàòè îäí³ íåéðîíè òà ïðèãí³÷óâàòè ³íø³.

Ðèñ. 1. Âïëèâ 4-ìåòèë-2,3,4,5-òåòðàã³äðî-1H-1,5-áåíçîä³àçåï³í-2-îíó â êîíöåíòðàö³ÿõ 10-4, 10-3 ³ 10-2 ìîëü/ë (à�â
â³äïîâ³äíî) íà åëåêòðè÷íó àêòèâí³ñòü íåéðîíà ÏÏà1. Ñòð³ëêîþ ïîçíà÷åíî ìîìåíò àïë³êàö³¿
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Ïðè åêñïîçèö³¿ ðå÷îâèíè ó êîíöåíòðàö³¿
10-3 ìîëü/ë ó âñ³õ äîñë³äæåíèõ íåéðîí³â
òàêîæ, ÿê ³ ïðè êîíöåíòðàö³¿ 10-4 ìîëü/ë
íåçíà÷íî çá³ëüøóâàâñÿ ÌÏ (äèâ. ðèñ. 1,á),
îäíàê, öå ñóïðîâîäæóâàëîñÿ äîñèòü ñóòòº-
âèì çìåíøåííÿì àìïë³òóäè ÏÄ (ó ñåðåä-
íüîìó íà 18,1 ìÂ ± 3,0 ìÂ; Ð = 0,01) òà
ñëàáêî âèðàæåíîþ òåíäåíö³ºþ çá³ëüøåííÿ
×Ã². Åôåêò ñÿãàâ ìàêñèìàëüíî¿ âèðàæå-
íîñò³ ÷åðåç 95�110 ñ ç ìîìåíòó àïë³êàö³¿.
Ï³ñëÿ â³äìèâàííÿ âèõ³äí³ õàðàêòåðèñòèêè
åëåêòðè÷íî¿ àêòèâíîñò³ íåéðîí³â â³äíîâ-
ëþâàëèñü, ïðîòå åôåêòó ï³ñëÿä³¿ íå âèÿâ-
ëÿëîñÿ, ÿê ïðè êîíöåíòðàö³¿ 10-4 ìîëü/ë.
Òîáòî ñïîñòåð³ãàºòüñÿ çâîðîòíèé âïëèâ
ñïîëóêè ïðè ö³é êîíöåíòðàö³¿ íà åëåêòðî-
ãåíåç íåéðîí³â.

Òîé ôàêò, ùî ï³ñëÿ ðàçîâî¿ àïë³êàö³¿
4-ìåòèë-1,5-ÁÄ ó êîíöåíòðàö³ÿõ 10-4 ³ 10-3

ìîëü/ë åôåêòè çáåð³ãàëèñÿ ïðè åêñïîçèö³¿
(äèâ.  ðèñ.  1 ,à ,á) ,  ñâ³ä÷èòü ïðî òå ,  ùî
òåñòîâàíà  ðå÷îâèíà  ìàëî  ï ³ääàºòüñÿ
ìåòàáîë³÷íîìó ïåðåòâîðåííþ.

Åêñïîçèö³ÿ 4-ìåòèë-1,5-ÁÄ ó êîíöåíò-
ðàö³¿ 10-2 ìîëü/ë ñïî÷àòêó ïðèçâîäèëà äî
ïîñòóïîâîãî çá³ëüøåííÿ ÌÏ, íà òë³ ÿêîãî
çíèæóâàëàñÿ àìïë³òóäà ÏÄ (ó ñåðåäíüîìó
íà 10,5 ìÂ ± 1,5 ìÂ; Ð = 0,05) ³ äåÿêèé ÷àñ
çá³ëüøóâàëàñÿ ×Ã² (ó ñåðåäíüîìó â 1,5
ðàçà; äèâ. ðèñ. 1,â). ×åðåç 100�250 ñ ï³ñëÿ
àïë³êàö³¿ â äîñë³äæåíèõ íåéðîí³â ñïîñòå-
ð³ãàëèñÿ îäèí-òðè �íàïàäè� øâèäêî¿ ã³ïåð-
ïîëÿðèçàö³¿ ìåìáðàíè ç ïîâíèì ïðèïè-
íåííÿì ãåíåðàö³¿ ÏÄ, ïîñòóïîâèì çíèæå-
ííÿì ÌÏ äî íóëüîâîãî ð³âíÿ (íà ðèñóíêó
íå çîáðàæåíî), ÿê³ íå â³äíîâëþâàëèñÿ ïðè
â³äìèâàíí³.

Ó ðàç³ ïîð³âíÿííÿ çíà÷åíü àìïë³òóäè é
òðèâàëîñò³ ÏÄ ïðè åêñïîçèö³¿ 4-ìåòèë-1,5-
ÁÄ ó êîíöåíòðàö³ÿõ 10-4 ³  10-3 ìîëü/ë ç
ôîíîâèìè âèÿâèëîñÿ,  ùî ï³ä âïëèâîì
òåñòîâàíî¿ ñïîëóêè âîíè çìåíøóâàëèñÿ ó
1,5�2 ðàçè. Ïðè êîíöåíòðàö³¿ 10-2 ìîëü/ë ÷àñ
ðîçâèòêó ÏÄ çá³ëüøóâàâñÿ â 1,5 ðàçà, à éîãî
àìïë³òóäà çíèæóâàëàñÿ. Çàãàëîì äëÿ öèõ
ïîêàçíèê³â ïðîñòåæóâàëàñÿ ÷³òêà ïðÿìî

ïðîïîðö³éíà äîçîçàëåæí³ñòü (òàáë.  1) .
Çàçíà÷èìî, ùî ïðè åêñïîçèö³¿ 4-ìåòèë-1,5-
ÁÄ ó êîíöåíòðàö³ ¿  10 -2 ìîëü/ë ñóòòºâî
çíèæóâàëàñü àìïë³òóäà ÏÄ (ìàéæå äî
ïîâíîãî ïðèïèíåííÿ ãåíåðàö³¿ ÏÄ) ³ ï³äâè-
ùåííÿ ¿õ òðèâàëîñò³.

Àíàë³ç êðèâèõ òðàíñìåìáðàííèõ ³îííèõ
ñòðóì³â ï³ä ÷àñ ãåíåðàö³¿ ÏÄ, ïîêàçàâ, ùî
4-ìåòèë-1,5-ÁÄ ó êîíöåíòðàö³¿ 10-4 ìîëü/ë
â³ðîã³äíî çá³ëüøóº ìàêñèìóìè øâèäêîñò³
âõ³äíèõ ³ âèõ³äíèõ ³îííèõ ñòðóì³â (äèâ.
òàáë. 1). Îòæå, öèì ³ ïîÿñíþºòüñÿ ìåõàí³çì
çíèæåííÿ ÷àñó ðîçâèòêó ÏÄ. Çìåíøåííÿ
àìïë³òóäè ÏÄ, ñïîñòåðåæóâàíå ïðè öüîìó,
éìîâ³ðíî, â³äáóâàºòüñÿ â îñíîâíîìó âíàñ-
ë³äîê çá³ëüøåííÿ øâèäêî ñò³  âèõ³äíèõ
ñòðóì³â. Ïðè êîíöåíòðàö³¿ ðå÷îâèíè 10-3

ìîëü/ë çíèæóâàëàñÿ øâèäê³ñòü âõ³äíèõ ³
çá³ëüøóâàëàñÿ âèõ³äíèõ ³îííèõ ñòðóì³â.
Ö³ëêîì çðîçóì³ëî, ùî öå, â ïåðøó ÷åðãó,
ñòîñóºòüñÿ ³îí³â íàòð³þ. Âîäíî÷àñ, ìîæ-
ëèâî, ïðè öüîìó çàä³ÿí³ òàêîæ ³îíè êàëüö³þ,
îñê³ëüêè â³äîìî, ùî ó íåéðîí³â ÏÏà1 ³,
â³ðîã³äíî, ³íøèõ íå³äåíòèô³êîâàíèõ íåéðîí³â
ÂÃ, âõ³äíèé êàëüö³ºâèé ñòðóì ðîáèòü ïåâíèé
âíåñîê â àìïë³òóäó ÏÄ [10]. Ïðè êîíöåíò-
ðàö³¿ ñïîëóêè 10-2 ìîëü/ë, íàâïàêè, ð³çêî
çíèæóºòüñÿ øâèäê³ñòü çðîñòàííÿ âõ³äíèõ ³
âèõ³äíèõ ³îííèõ ñòðóì³â (äèâ. òàáë. 1) äî
ïîâíîãî ïðèïèíåííÿ ³ìïóëüñíî¿ àêòèâíîñò³
íåéðîí³â ç íàñòóïíèì çíèêíåííÿì ÌÏ ³,
îòæå, çàãèáåëëþ íåéðîí³â.

Òàêèì ÷èíîì, 4-ìåòèë-1,5-ÁÄ ó êîí-
öåíòðàö³¿  10 -5 ìîëü/ë ïðîÿâëÿº ñëàáêî
âèðàæåíèé àêòèâóþ÷èé åôåêò, à ïðè êîí-
öåíòðàö³ ¿  10 -4 ìîëü/ë  àêòèâàö³ÿ  ñÿãàº
ìàêñèìóìó. Ïðè 10-3 ìîëü/ë öÿ ðå÷îâèíà
ïî÷èíàº ïðèãí³÷óâàòè åëåêòðîãåííèé òðàíñ-
ïîðò ³îí³â ÷åðåç ìåìáðàíó íåéðîí³â, à ïðè
10-2 ìîëü/ë ïîâí³ñòþ áëîêóº ìåõàí³çì ÿê
ãåíåðàö³¿ ÏÄ, òàê ³ ï³äòðèìêè ÌÏ.

Â³äîìî [15], ùî ÁÄ ñïî÷àòêó âçàºìî-
ä³þòü ³ç ÁÄ-ðåöåïòîðàìè íåéðîí³â, ùî
âõîäÿòü  äî  ñêëàäó  ïî ñò ñèíàïòè÷íîãî
ÃÀÌÊ

À
-ðåöåïòîðíîãî êîìïëåêñó é ï³äâè-

ùóþòü ÷óòëèâ³ñòü ÃÀÌÊ-ðåöåïòîð³â äî

Âïëèâ ïîõ³äíèõ 1,5-áåíçîä³àçåï³íó íà åëåêòðè÷íó àêòèâí³ñòü íåéðîí³â
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ìåä³àòîðà (ÃÀÌÊ), ùî çóìîâëþº ï³äâè-
ùåííÿ ÷àñòîòè â³äêðèâàííÿ â öèòîïëàç-
ìàòè÷í³é ìåìáðàí³ íåéðîí³â êàíàë³â äëÿ
âõ³äíèõ ñòðóì³â ³îí³â õëîðó [7]. Ìîæíà

ââàæàòè, ùî 4-ìåòèë-1,5-ÁÄ ìàº íåéðî-
òðîïíèé åôåêò, ÿêèé ðåàë³çóºòüñÿ âíàñë³äîê
ïîñèëåííÿ ãàëüì³âíîãî âïëèâó ÃÀÌÊ,
ðåçóëüòàòîì ÷îãî º ïðèãí³÷åííÿ ì³æíåé-

Ðèñ. 2. Âïëèâ 4-ìåòèë-2,3,4,5-òåòðàã³äðî-1H-1,5-áåíçîä³àçåï³í-2-îíó â êîíöåíòðàö³¿ 10-4 ìîëü/ë íà åëåêòðè÷íó
àêòèâí³ñòü íåéðîíà ÏÏà1: à � ïîâíèé çàïèñ åêñïåðèìåíòó, á ³ â � çá³ëüøåí³ ï³äêðåñëåí³ ôðàãìåíòè à ³ á â³äïîâ³äíî.
Ñòð³ëêîþ ïîçíà÷åíî ìîìåíò àïë³êàö³¿. Ïóíêòèðíîþ ë³í³ºþ íà â ïîçíà÷åíî êðèòè÷íèé ð³âåíü äåïîëÿðèçàö³¿

Ôîí 80,3±2,3 26,2±3,0 16,3±2,0 5,2±1,1
10-4 ìîëü/ë 75,8±1,8* 13,2±1,0* 19,6±1,6* 11,6±1,2*
10-3 ìîëü/ë 62,2±1,4** 13,9±1,6** 13,4±1,2 7,0±1,0*
10-2 ìîëü/ë 7,6±0,5** 37,3±3,3** 3,0±1,1* 2,0±1,0*

Ïðèì³òêà. Òóò ³ â òàáë. 2* Ð<0,05 â³ðîã³äí³ñòü ðîçá³æíîñòåé ôîíîâèõ ïîêàçíèê³â â³ä òàêèõ ïðè åêñïîçèö³¿
ðå÷îâèíè; ** Ð<0,001.

Òàáëèöÿ 1. Âïëèâ 4-ìåòèë-2,3,4,5-òåòðàã³äðî-1H-1,5-áåíçîä³àçåï³í-2-îíó íà ïîòåíö³àëè ä³¿ é øâèäê³ñòü
òðàíñìåìáðàííèõ ³îííèõ ñòðóì³â íåéðîí³â ïðàâîãî ïàð³ºòàëüíîãî ãàíãë³ÿ ðàâëèêà (n=22)

Êîíöåíòðàö³ÿ
 ðå÷îâèíè

Àìïë³òóäà
ïîòåíö³àëó ä³¿, ìÂ

×àñ ðîçâèòêó
ïîòåíö³àëó ä³¿, ìñ
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ðîííî¿ ïåðåäà÷³ é, â³äïîâ³äíî, áëîêàäà
åëåêòðè÷íî¿ àêòèâíîñò³ íåéðîí³â.
Åôåêòè 3-ìåòèë-1,5-ÁÄ. Âàðòî âêàçàòè,
ùî íàéá³ëüø ³ëþñòðàòèâí³ åôåêòè ö³º¿
ðå÷îâèíè áóëè ó íå³äåíòèô³êîâàíèõ íåéðîí³â
ÂÃ (n=27)  ïîð ³âíÿíî  ç  ÏÏàÃ (n=23) .
Òèïîâèé ïðèêëàä ä³¿  3-ìåòèë-1,5-ÁÄ ó
âèâ÷åíîìó ðÿäó êîíöåíòðàö³é ïðåäñòàâëåíî
íà ðèñ.  4 ,  äå  âèäíî,  ùî çàñòîñóâàííÿ
êîíöåíòðàö³¿ 10-4 ìîëü/ë ïðèçâîäèëî äî
íåñóòòºâîãî çá³ëüøåííÿ ÷àñòîòè ãåíåðàö³¿
ÏÄ ³ ¿õ àìïë³òóäè âïðîäîâæ óñüîãî ïåð³îäó
åêñïîçèö³¿. Ïðè öüîìó õî÷à é íåäîñòîâ³ðíî,
àëå âñå òàêè çìåíøóâàëàñÿ òðèâàë³ñòü ÏÄ
íåéðîí³â (äèâ. òàáë. 2). Ï³ñëÿ â³äìèâàííÿ
âèõ³äí³ çíà÷åííÿ ³ìïóëüñíî¿ àêòèâíîñò³
íåéðîí³â øâèäêî ³ ïîâí³ñòþ â³äíîâëþâà-
ëèñÿ.

Ïðè êîíöåíòðàö³¿ 10-3 ìîëü/ë ñïîñòå-
ð³ãàëèñÿ íåâåëèêà (íà 3�5 ìÂ) ã³ïåðïî-
ëÿðèçàö³ÿ ìåìáðàíè íåéðîí³â ÂÃ, òåíäåíö³ÿ
äî çìåíøåííÿ àìïë³òóäè òà ñêîðî÷åííÿ â
1,5�2 ðàçè (Ð = 0,001) ÷àñó ðîçâèòêó ¿õ ÏÄ
(äèâ. ðèñ.  4,á).  Íåçâàæàþ÷è íà òå,  ùî
çíà÷åííÿ àìïë³òóäè çì³íþâàëèñÿ íå â³ðî-
ã³äíî, øâèäê³ñòü ñóìàðíèõ âõ³äíèõ ³îííèõ
ñòðóì³â  çá ³ëüøóâàëàñÿ  ìàéæå  âäâ ³÷ ³ .

Øâèäê³ñòü âèõ³äíèõ ³îííèõ ñòðóì³â òàêîæ
â³ðîã³äíî çá³ëüøèëàñÿ â³ä  4 ,0  ± 0 ,2  ó
âèõ³äíîìó ñòàí³ äî 5,6 Â/ñ ± 0,3 Â/ñ (Ð =
0,03) ïðè åêñïîçèö³¿, îäíàê íå òàê çíà÷íî ÿê
âõ³äíèõ (äèâ. òàáë. 2). Åôåêòè ñÿãàëè ìàê-
ñèìàëüíî¿ âèðàæåíîñò³ ÷åðåç 86,4 ñ ± 18,7
ñ (Ð < 0,05) ï³ñëÿ ìîìåíòó àïë³êàö³¿. Òàêèì
÷èíîì, ð³çêå çíèæåííÿ òðèâàëîñò³ ðîçâèòêó
ÏÄ çóìîâëåíî çäåá³ëüøîãî ï³äâèùåííÿì
íàòð³ºâî¿ ïðîâ³äíîñò³ ìåìáðàíè.

Çàì³íà ô³ç³îëîã³÷íîãî ðîç÷èíó, ÿêèé
îìèâàâ íåéðîíè íà òåñòîâèé ç êîíöåíò-
ðàö³ºþ ðå÷îâèíè 10-2 ìîëü/ë óæå ÷åðåç 3�
10 ñ ïðèçâîäèëà äî ð³çêîãî ï³äâèùåííÿ ÌÏ
ó á³ê ã³ïåðïîëÿðèçàö³¿ é ïðèïèíåííÿ ãåíåðà-
ö³¿ ñïî÷àòêó ïîâíîì³ðíèõ ÏÄ, à ïîò³ì ³ âñ³õ
ïîòåíö³àë³â (äèâ. ðèñ. 4,â). Ï³ñëÿ 20�30 õâ
â³äìèâàííÿ ³ìïóëüñíà àêòèâí³ñòü íå â³äíîâ-
ëþâàëàñü, îäíàê ÌÏ êë³òèíè çáåð³ãàâñÿ ³
éîãî çíà÷åííÿ áóëè áëèçüê³ äî ôîíîâîãî.
Òàêèì ÷èíîì, 3-ìåòèë-1,5-ÁÄ ïðèãí³÷óº ³
íàâ³òü âèìèêàº ìåõàí³çì ãåíåðàö³¿ ÏÄ, àëå
³ñòîòíî íå âïëèâàº íà ìåõàí³çì ï³äòðèìêè
ÌÏ. Îòæå, º ï³äñòàâè ââàæàòè, ùî êîíöåíò-
ðàö³ÿ ðå÷îâèíè 10-2 ìîëü/ë º òîêñè÷íîþ äëÿ
íåéðîí³â, à íå ëåòàëüíîþ.

Ïîð³âíÿëüíèé àíàë³ç åôåêò³â 4-ìåòèë-

Ðèñ. 3. Âïëèâ 4-ìåòèë-2,3,4,5-òåòðàã³äðî-1H-1,5-áåíçîä³àçåï³í-2-îíó íà ïîòåíö³àëó ä³¿ é ñóìàðíó øâèäê³ñòü
òðàíñìåìáðàííèõ ³îííèõ ñòðóì³â íåéðîíà ÏÏà1 â êîíöåíòðàö³¿ ðå÷îâèíè 10-4 (á), 10-3 (â) ³ 10-2 ìîëü/ë (ã),
à � ôîíîâèé ïîòåíö³àë ä³¿
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1,5-ÁÄ ³ 3-ìåòèë-1,5-ÁÄ, ÿê³ ìàþòü çàãàëü-
íèé çàëèøîê ìîëåêóëè 1,5-ÁÄ, ùî â³äð³ç-
íÿþòüñÿ  ò ³ëüêè ì³ñöåì ðîçòàøóâàííÿ
ìåòèëüíî¿ ãðóïè ïîêàçàâ, ùî ì³í³ìàëüíî
åôåêòèâíà êîíöåíòðàö³ÿ äëÿ ïðîÿâó íåéðî-
òðîïíîãî åôåêòó îáîõ ñïîëóê ñòàíîâèëà 10-5

ìîëü/ë. Ó êîíöåíòðàö³¿ 10-4 ìîëü/ë òåñòî-
âàí³ ñïîëóêè ìàþòü àêòèâóþ÷èé íåéðî-
òðîïíèé åôåêò, ïðè ÿêîìó â³äáóâàºòüñÿ
äåïîëÿðèçàö³éíèé çñóâ ÌÏ, çá³ëüøåííÿ

øâèäêîñòåé âõ³äíèõ ³îííèõ ñòðóì³â êð³çü
ìåìáðàíó íåéðîí³â, íå ïîðóøóþ÷è âèõ³äí³
³îíí³ ñòðóìè. Ïðè êîíöåíòðàö³ÿõ 10-3 ³ 10-2

ìîëü/ë åôåêòè öèõ ðå÷îâèí áóëè ïðèãí³-
÷óâàëüíèìè, õî÷à â³äð³çíÿëèñÿ çà âèðàæå-
í³ñòþ. Ðîçõîäæåííÿ åôåêò³â,  ³ìîâ³ðíî,
âèçíà÷àºòüñÿ ÿê ì³ñöåì ðîçòàøóâàííÿ
ìåòèëüíî¿ ãðóïè, òàê ³ íàÿâí³ñòþ ó íåéðîí³â
ð³çíèõ ï³äòèï³â ðåöåïòîð³â, ÿê³ âçàºìîä³þòü
ç òåñòîâàíèìè ïîõ³äíèìè. Ñë³ä çàçíà÷èòè,

Ôîí 54,0±2,3 28,4±1,0 6,4±0,1 4,0±0,2
10-4 ìîëü/ë 58,7±2,0* 25,4±1,3 7,6±0,1* 4,3±0,4
10-3 ìîëü/ë 52,3±1,4 18,1±1,0** 12,1±1,1** 5,6±0,3*
10-2 ìîëü/ë 16,1±1,8** 31,3±1,2** 3,4±0,1* 2,3±0,2**

Òàáëèöÿ 2. Âïëèâ 3-ìåòèë-2,3,4,5-òåòðàã³äðî-1H-1,5-áåíçîä³àçåï³í-2-îíó íà åëåêòðè÷íó àêòèâí³ñòü íåéðîí³â
â³ñöåðàëüíîãî ãàíãë³ÿ ðàâëèêà (n=27)

Êîíöåíòðàö³ÿ
ðå÷îâèíè

Àìïë³òóäà ïîòåí-
ö³àëó ä³¿, ìÂ

×àñ ðîçâèòêó
ïîòåíö³àëó ä³¿, ìñ

Øâèäê³ñòü ³îííèõ ñòðóì³â, Â/ñ

âõ³äíèõ âèõ³äíèõ

Ðèñ. 4. Âïëèâ 3-ìåòèë-2,3,4,5-òåòðàã³äðî-1H-1,5-áåíçîä³àçåï³í-2-îíó â êîíöåíòðàö³ÿõ 10-4 (à), 10-3 (á) ³ 10-2 ìîëü/ë
(â) íà åëåêòðè÷íó àêòèâí³ñòü íåéðîíà â³ñöåðàëüíîãî ãàíãë³ÿ. Ñòð³ëêîþ ïîçíà÷åíî ìîìåíò àïë³êàö³¿

².². Êîðåíþê, ².Â. ªï³øê³í, Ò.Â. Ãàììà, Ä.Ð. Õóñà³íîâ
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ùî ³ñòîòíîþ â³äì³íí³ñòþ ä³¿ òåñòîâàíèõ
ñïîëóê ó êîíöåíòðàö³¿ 10-2 ìîëü/ë áóâ ïðîÿâ
òîêñè÷íîñò³ (3-ìåòèë-1,5-ÁÄ) ³ ëåòàëüíîñò³
(4-ìåòèë-1,5-ÁÄ). Êð³ì òîãî, â³äì³ííîñò³
ïðîÿâëÿëèñÿ é ó øâèäêîñò³  çðî ñòàííÿ
åôåêò³â .  Òàê ,  íàéá³ëüø ðåàêòèâíèì ó
ìåíøèõ êîíöåíòðàö³ÿõ áóâ 4-ìåòèë-1,5-ÁÄ.
Éîãî ä³ÿ çàëåæíî â³ä êîíöåíòðàö³¿ ðîçâè-
âàëàñÿ ÷åðåç 20�50 ñ, à 3-ìåòèë-1,5-ÁÄ �
÷åðåç 30 (10-2 ìîëü/ë) � 120 ñ (10-4 ìîëü/ë)
â³ä ìîìåíòó àïë³êàö³¿. Â³äîìî [3, 15], ùî
øâèäê³ñòü ðîçâèòêó åôåêòó çàëåæèòü â³ä
ëåãêîñò³ ïðîíèêíåííÿ ä³þ÷èõ ðå÷îâèí ÷åðåç
ìåìáðàíó íåéðîíà. Ç öüîãî âèõîäèòü, ùî
4-ìåòèë-1,5-ÁÄ ìàº á³ëüøó ë³ïîô³ëüí³ñòü é
ìåìáðàíîòðîïí³ñòü, í³æ 3-ìåòèë-1,5-ÁÄ.
Â³äîìî òàêîæ [3], ùî õàðàêòåð ðåàêö³¿, ¿¿
ñèëà, òðèâàë³ñòü ³ îáîðîòí³ñòü çóìîâëåí³
âëàñòèâîñòÿìè çâ�ÿçêó ðå÷îâèíè ç ðåöåï-
òîðîì, à ì³öí³ñòü çâ�ÿçêó çàëåæèòü â³ä
â³äñòàí³ åëåêòðîñòàòè÷íî¿ âçàºìîä³¿ äâîõ
àòîì³â, õàðàêòåð ÿêî¿, ÿê ïðàâèëî, ñêëàäíèé,
ùî âèçíà÷àºòüñÿ  êîìïëåìåíò àðí³ñòþ
äîñë³äæóâàíî¿  ðå÷îâèíè é ðåöåïòîðà,
ñòóïåíåì çáëèæåííÿ ¿õ ì³æ ñîáîþ. Î÷å-
âèäíî, ó êîíöåíòðàö³ÿõ 10-5, 10-4 ³ 10-3 ìîëü/ë
ì³æ òåñòîâàíèìè ïîõ³äíèìè é ðåöåïòîðàìè
âèíèêàþòü çâ�ÿçêè, ùî íîñÿòü çâîðîòíèé
õàðàêòåð, à ïðè êîíöåíòðàö³¿ äî 10-2 ìîëü/ë
- íåîáîðîòíå ¿õíº ô³çèêî-õ³ì³÷íå çâ�ÿçó-
âàííÿ. Öå ïðèçâîäèòü äî ïîðóøåííÿ ôóíê-
ö³îíàëüíîãî ñòàíó ìåìáðàíè, îñê³ëüêè ÌÏ
çáåð³ãàºòüñÿ, à ÏÄ â³äñóòí³.

Òàêèì ÷èíîì,  îòðèìàí³  ðåçóëüòàòè
äàþòü çìîãó çðîáèòè âèñíîâîê, ùî â îñíîâ³
íåéðîòðîïíî¿ ä³¿ 4-ìåòèë-1,5-ÁÄ ³ 3-ìåòèë-
1,5-ÁÄ ëåæèòü çì³íà ³îííî¿ ïðîâ³äíîñò³
ìåìáðàíè ñîìè íåéðîí³â, ùî ïîâ�ÿçàíî ç
êîíôîðìàö³éíèìè çì³íàìè á³ëêîâî¿ ñòðóê-
òóðè íàñàìïåðåä íàòð³ºâèõ êàíàë³â, à ïîò³ì
êàëüö³ºâèõ, êàë³ºâèõ ³ õëîðíèõ. Öå ïîðóøóº
ïðîöåñè ï³äòðèìêè ÌÏ, ãåíåðàö³¿ ÏÄ ³,
îòæå, ì³æíåéðîííó ïåðåäà÷ó ³ìïóëüñ³â.
Â³äîìî [15], ùî äåÿê³ çàñîáè äëÿ íàðêîçó
ìîæóòü çá³ëüøèòè âíóòð³øíüîêë³òèííó
êîíöåíòðàö³þ Ñà2+. Öå âèêëèêàº ã³ïåðïî-

ëÿðèçàö³þ ìåìáðàíè, ï³äâèùåííÿ ïðîíèê-
íîñò³ äëÿ Ê+ ³ â ö³ëîìó � çíèæåííÿ çáóäëè-
âîñò³ íåéðîí³â. Îñê³ëüêè ÷èìàëî àíêñ³î-
ë³òèê³â (í³òðàçåïàì, ä³àçåïàì, ôåíàçåïàì ³
³íø³ ë³êàðñüê³ ïðåïàðàòè), ÿê³ íàëåæàòü äî
ïîõ³äíèõ áåíçîä³àçåï³íó, ìàþòü âèðàæåíó
ñíîä³éíó àêòèâí³ñòü [11, 12], òî íå âèêëþ-
÷åíà ³ òàêà ñõåìà ðåàë³çàö³¿ íåéðîòðîïíîãî
åôåêòó òåñòîâàíèõ ÁÄ. Ìîæëèâî, ïðîÿâ-
ëÿºòüñÿ òàêîæ ïðåñèíàïòè÷íà ä³ÿ äîñë³ä-
æåíèõ ïîõ³äíèõ, ùî ïðèçâîäèòü äî çíèæåííÿ
âèâ³ëüíåííÿ çáóäëèâèõ ìåä³àòîð³â.

Âèÿâëåíå íàìè â³ðîã³äíå çíèæåííÿ
÷àñîâîãî õîäó ÏÄ ïðè ä³¿ îáîõ ñïîëóê ó
êîíöåíòðàö³ÿõ 10-4 ³ 10-3 ìîëü/ë äàº ìîæëè-
â³ñòü ïðèïóñòèòè, ùî â öèõ êîíöåíòðàö³ÿõ
¿õ ìîæëèâî çàñòîñîâóâàòè ÿê çàñîáè, ùî
ïðèñêîðþþòü äå- ³ ðåïîëÿðèçàö³þ ìåìá-
ðàíè é, îòæå, ðóõëèâ³ñòü íåðâîâèõ ïðîöåñ³â.
Ç îãëÿäó íà çäàòí³ñòü öèõ ñïîëóê ïðèãí³-
÷óâàòè ô³ç³îëîã³÷í³ ìåõàí³çìè àêòèâíîñò³
á³ëüøîñò³ íåéðîí³â ìîæíà ðåêîìåíäóâàòè
¿õ äëÿ ïîäàëüøîãî âèâ÷åííÿ ÿê çàñîá³â, ÿê³
êóï³ðóþòü òðèâîãó é ³íø³ ðîçëàäè, ïîâ�ÿçàí³
ç ã³ïåðàêòèâí³ñòþ íåéðîí³â (íàïðèêëàä,
ïàðîêñèçìàëüíà åï³ëåïòè÷íà àêòèâí³ñòü).
Òàê, íàïðèêëàä, îòðèìàíî äàí³ [16, 17], ÿê³
ñâ³ä÷àòü ïðî òå,  ùî ï³äâèùåíå ïðåñè-
íàïòè÷íå ãàëüìóâàííÿ â ñïèííîìó ìîçêó
õâîðèõ ç³ ñïàñòè÷í³ñòþ çìåíøóº âèâ³ëü-
íåííÿ çáóäëèâèõ òðàíñì³òåð³â ç ïåðâèííèõ
àôåðåíòíèõ òåðì³íàëåé ³ òèì ñàìèì çíèæóº
àêòèâí³ñòü ðåôëåêòîðíèõ ðåàêö³é. Çíèæåííÿ
ì�ÿçîâîãî òîíóñó º íàñë³äêîì çàñòîñóâàííÿ
áåíçîä³àçåï³íîâèõ ïðåïàðàò³â. Ïîðÿä ³ç öèì
â åêñïåðèìåíòàõ íà òâàðèíàõ ïîêàçàíî, ùî
îñíîâíèì ì³ñöåì ¿õ ä³ ¿  º  ðåòèêóëÿðíà
ôîðìàö³ÿ ìîçêîâîãî ñòîâáóðà, ùî, î÷å-
âèäíî, ëåæèòü â îñíîâ³ ñåäàòèâíîãî åôåêòó.

Áåíçîä³àçåï³íîâ³ ïðåïàðàòè, ùî âèêîðèñ-
òîâóþòüñÿ â êë³í³÷í³é ïðàêòèö³, ðîçð³ç-
íÿþòüñÿ çà ñïîð³äíåí³ñòþ äî ÃÀÌÊ-ðå-
öåïòîð³â ³ òðèâàë³ñòþ ä³¿ [3, 15]. Âèõîäÿ÷è
ç íàøèõ ðåçóëüòàò³â ³ìîâ³ðíî, ùî 4-ìåòèë-
1 ,5-ÁÄ ³  3-ìåòèë-1 ,5-ÁÄ òàêîæ ìàþòü
àíòèñïàñòè÷íó ä³þ. Ìîæíà ââàæàòè ïåðñ-

Âïëèâ ïîõ³äíèõ 1,5-áåíçîä³àçåï³íó íà åëåêòðè÷íó àêòèâí³ñòü íåéðîí³â
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ïåêòèâíèì ïîøóê ³ ñòâîðåííÿ íà îñíîâ³ öèõ
ñïîëóê ôàðìàêîëîã³÷íî àêòèâíèõ ñòðóêòóð-
íèõ àíàëîã³â, çîêðåìà ç ìîæëèâîþ ïñèõî-
òðîïíîþ ä³ºþ.

È.È. Êîðåíþê, È.Â. Åïèøêèí, Ò.Â. Ãàììà,
Ä.Ð. Õóñàèíîâ

ÂËÈßÍÈÅ ÏÐÎÈÇÂÎÄÍÛÕ
1,5-ÁÅÍÇÎÄÈÀÇÅÏÈÍÀ
ÍÀ ÝËÅÊÒÐÈ×ÅÑÊÓÞ ÀÊÒÈÂÍÎÑÒÜ
ÍÅÉÐÎÍÎÂ ÌÎËËÞÑÊÀ HELIX
ALBESCENS ROSSM

Èñïîëüçóÿ ñòàíäàðòíóþ ìåòîäèêó âíóòðèêëåòî÷íîãî
îòâåäåíèÿ ïîòåíöèàëîâ, èññëåäîâàíî âëèÿíèå äâóõ íîâûõ
ïðîèçâîäíûõ 1,5-áåíçîäèàçåïèí-2-îíà íà ýëåêòðè÷åñêóþ
àêòèâíîñòü íåéðîíîâ Helix albescens Rossm. Óñòàíîâëåíî,
÷òî ýòè âåùåñòâà îáëàäàþò íåéðîòðîïíûìè ñâîéñòâàìè,
íàïðàâëåííîñòü è âûðàæåííîñòü ýôôåêòîâ êîòîðûõ
çàâèñèò îò èõ õèìè÷åñêîé ñòðóêòóðû, ïðèìåíÿåìîé
êîíöåíòðàöèè è, â öåëîì, íå çàâèñèò îò òèïà íåéðîíîâ.
Èññëåäîâàíû ýôôåêòû ñîåäèíåíèé â äèàïàçîíå îò 10-6 ìîëü/ë
äî 10-2 ìîëü/ë, íà îñíîâàíèè êîòîðûõ îïðåäåëåíû
ïîðîãîâûå, îïòèìàëüíûå è òîêñè÷åñêèå êîíöåíòðàöèè
âåùåñòâ. Óñòàíîâëåíî, ÷òî â îñíîâå ìåõàíèçìà äåéñòâèÿ
òåñòèðóåìûõ ïðîèçâîäíûõ ëåæèò èõ ïðÿìîå âëèÿíèå íà
ýëåêòðîãåíåç íåéðîíîâ. Àíàëèç ñóììàðíûõ èîííûõ òîêîâ
ïîêàçàë, ÷òî ñ óâåëè÷åíèåì êîíöåíòðàöèè ñîåäèíåíèé
ïåðâîíà÷àëüíî óìåíüøàþòñÿ ñêîðîñòè âõîäÿùèõ èîííûõ
íàòðèåâûõ è êàëüöèåâûõ, à çàòåì è âûõîäÿùèõ êàëèåâûõ
òîêîâ. Ïîêàçàíî, ÷òî ýôôåêòû 4-ìåòèë-1,5-áåíçîäèàçåïèí-
2-îíà íàñòóïàþò áûñòðåå, ÷åì 3-ìåòèë-1,5- áåíçîäèàçåïèí-
2-îíà.
Êëþ÷åâûå ñëîâà: ïðîèçâîäíûå 1,5-áåíçîäèàçåïèí-2-îíà,
âèíîãðàäíàÿ óëèòêà, íåéðîí, ýëåêòðè÷åñêàÿ àêòèâíîñòü.

².². Koreniuk, ².V. Yepishkin, T.V. Gamma,
D.R. Husainov

EFFECT OF DERIVATIVES OF 1,5-BENZODIA-
ZEPINE  ON THE ELECTRICAL ACTIVITY
OF NEURONS OF THE HELIX ALBESCENS
ROSSM

Using a standard technique for intracellular recording of po-
tentials, we investigated the influence of two new derivatives
of 1,5-benzodiazepine-2-one on the electrical activity of neurons
of the Helix albescens Rossm. These substances possess
neurotropic properties, the effects were concentration depen-
dent in the concentration range 10-6 M �10-2 and did not de-
pend on the type of neurons. We defined the threshold, opti-
mum and toxic concentrations for the compounds investigared.
Analysis of the total ion current showed that the compounds
reduce the rate of  inward Na+- and Ca2+ currents and of out-

ward K+-currents.
Key words: derivatives of 1,5-benzodiazepine-2-one, grape
snail, neuron, electrical activity.

Tauryiskyi National University, Simferopol
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Çì³íè NO-åðã³÷íî¿ ñèñòåìè ñëèííèõ çàëîç â óìîâàõ
îìåïðàçîë³íäóêîâàíî¿ ã³ïåðãàñòðèíåì³¿

Íà åêñïåðèìåíòàëüí³é ìîäåë³ îìåïðàçîë³íäóêîâàíî¿ ã³ïåðãàñòðèíåì³¿ äîñë³äæåíî àêòèâí³ñòü
NO-ñèíòàçè ³ êîíöåíòðàö³þ ê³íöåâèõ ïðîäóêò³â ìåòàáîë³çìó îêñèäó àçîòó � NO

2
� ó ñëèííèõ

çàëîçàõ ùóð³â. Âàðòî â³äì³òèòè ï³äâèùåííÿ àêòèâíîñò³ NO-ñèíòàçè, ÿêà ñÿãàëà ìàêñèìóìó
íà 14-òó äîáó: (7,61±0,39) ìêìîëü[NO

2
�]/(ã . õâ). Íàäàë³ âîíà çíèçèëàñü ³ íà 28-ìó äîáó ââåäåííÿ

ñòàíîâèëà (5,76±0,25) ìêìîëü[NO
2

�] /(ã . õâ). Îòðèìàíî äîñòîâ³ðíå ï³äâèùåííÿ àêòèâíîñò³
NO-ñèíòàçè ³ íàêîïè÷åííÿ NO

2
�  â ñëèííèõ çàëîçàõ ùóð³â â óìîâàõ òðèâàëî¿ ã³ïåðãàñòðèíåì³¿.

Êëþ÷îâ³ ñëîâà: ñëèíí³ çàëîçè, îìåïðàçîë, ã³ïåðãàñòðèíåì³ÿ, NO-ñèíòàçà, îêñèä àçîòó, í³òðèòè.

ÂÑÒÓÏ

Äëÿ ë³êóâàííÿ êèñëîòîçàëåæíèõ çàõâîðþ-
âàíü øëóíêîâî-êèøêîâîãî òðàêòó øèðîêî
çàñòîñîâóþòüñÿ ³íã³á³òîðè ïðîòîííî¿ ïîìïè:
îìåïðàçîë, ëàíçîïðàçîë òîùî, ÿê³ çíèæóþòü
øëóíêîâó ñåêðåö³þ ÷åðåç íåçâîðîòíå ³íã³-
áóâàííÿ Í+-Ê+-ÀÒÔàçè, ùî ïðèçâîäèòü äî
ã ³ïîàöèäèòåòó,  ³  ÿê  íàñë³äîê  �  ã ³ïåð-
ãàñòðèíåì³¿ [11]. Îñòàííÿ òàêîæ ñïîñòåð³-
ãàºòüñÿ ïðè ðîçâèòêó ïóõëèí ñåêðåòîâàíèõ
ãàñòðèíîì, íàïðèêëàä, ïðè ñèíäðîì³ Çîë³í-
ãåðà�Åë³ñîíà. Ìåõàí³çì ä³¿ ãàñòðèíó, ÿê ³
á³ëüøîñò³ ïåïòèäíèõ ãîðìîí³â ìåìáðàííî-
âíóòð³øíüîêë³òèííèé. Ó ðàç³ çâ�ÿçóâàííÿ
éîãî ç ãàñòðèí/õîëåöèñòîê³í³íîâèì ðåöåï-
òîðîì òèïó B íà ìåìáðàí³ ïàð³ºòàëüíèõ
êë³òèí ñëèçîâî¿ îáîëîíêè øëóíêà, ï³äâè-
ùóºòüñÿ âì³ñò â êë³òèí³ Ñà2+ òà, ÿê íàñë³-
äîê,  äî ï³äâèùåííÿ àêòèâíîñò³  Í +-Ê+-
ÀÒÔàçè. Ãàñòðèí ñòèìóëþº âèâ³ëüíåííÿ
òêàíèííèìè áàçîô³ëàìè ã³ñòàì³íó, ÿêèé
÷åðåç ã³ñòàì³íîâ³ Í

2
-ðåöåïòîðè ï³äâèùóº

âì³ñò öÀÌÔ ó ïàð³ºòàëüí³é êë³òèí³ òà
àêòèâí³ñòü ïðîòîííî¿ ïîìïè.

Íèí³ äîñë³äíèêè ïðèä³ëÿþòü âåëèêó
óâàãó ðîë³ NO â ðîçâèòêó áàãàòüîõ çàõâî-
ðþâàíü. Â³äîìî, ùî â³í âèêîíóº ìåñåíä-
æåðíó ôóíêö³þ, òîìó äîñë³äæåííÿ NO-

åðã³÷íî¿ ñèñòåìè ñëèííèõ çàëîç çà óìîâ
ã³ïåðãàñòðèíåì³¿ º äîñèòü àêòóàëüíèì [7].
NO º îñíîâíèì åíäîãåííèì âàçîäèëàòà-
òîðîì. Ï³ñëÿ çâ�ÿçóâàííÿ àöåòèëõîë³íó ç
ðåöåïòîðàìè íà ìåìáðàíàõ åíäîòåë³îöèò³â
ó öèõ êë³òèíàõ ñèíòåçóºòüñÿ NO, ÿêèé
ì³ãðóº ó ãëàäåíüêîì�ÿçîâ³ êë³òèíè (ÃÌÊ) ³
àêòèâóº ñèíòåç öÃÌÔ, ùî âèêëèêàº ¿õ
ðîçñëàáëåííÿ .  Àíàëîã ³÷íèé  ìåõàí³çì
âïëèâó NO íà ÃÌÊ øëóíêîâî-êèøêîâîãî
òðàêòó. Ô³ç³îëîã³÷íèì ðåãóëÿòîðîì ïåðèñ-
òàëüòèêè îñòàííüîãî º áàêòåð³àëüíà ôëîðà
êèøå÷íèêà. Êîìïîíåíòè ìåìáðàí êë³òèí
áàêòåð³é � ë³ïîïîë³ñàõàðèäè àêòèâóþòü
NO-ñèíòàçó áåçïîñåðåäíüî ó  ì�ÿçîâ³é
êë³òèí³. NO â³ä³ãðàº âàæëèâó ðîëü â ³ìóí-
íîìó çàõèñò³ îðãàí³çìó, ïðîÿâëÿþ÷è öèòî-
òîêñè÷íó ä ³þ.  ²íô³êóâàííÿ îðãàí³çìó
áàêòåð³ÿìè, â³ðóñàìè ïðèçâîäèòü äî àêòè-
âàö³ ¿  ìàêðîôàã³â  (çá ³ëüøóºòüñÿ  âì³ñò
ë³çîñîì), à òàêîæ ã³äðîë³òè÷íèõ ôåðìåíò³â,
ïåðîêñèäàç, êàòàëàçè [1, 3]. Ç îäíîãî áîêó,
öÿ ñïîëóêà º ïîïåðåäíèêîì êàíöåðîãåííèõ
N-í³òðîçîñïîëóê, à ç ³íøîãî � áåðå ó÷àñòü
ðàçîì ç ôàêòîðàìè, ùî ñòèìóëþþòü ð³ñò,
òà òèðîçèíîâèìè ïðîòå¿íê³íàçàìè ó ïðîöå-
ñàõ ïðîë³ôåðàö³¿ êë³òèí. Îäíàê íàäëèøêîâà
ïðîäóêö³ÿ NO ïðèçâîäèòü äî ïîøêîäæåííÿ
òà íåêðîçó ð³çíèõ êë³òèí.

©  À.À. Ñóõîìëèí, Ò.Â. Áåðåãîâà, Ê.Ñ. Íåïîðàäà
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Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèâ÷åííÿ
çì³í NO-åðã³÷íî¿ ñèñòåìè ñëèííèõ çàëîç ùóð³â
çà óìîâ äîâãîòðèâàëîãî ââåäåííÿ îìåïðàçîëó.

ÌÅÒÎÄÈÊÀ

Åêñïåðèìåíòè âèêîíàí³ íà 26 ùóðàõ-ñàìöÿõ
ë³í³¿ Â³ñòàð ìàñîþ 180�250 ã ç äîòðèìàííÿì
ðåêîìåíäàö³é ùîäî ïðîâåäåííÿ ìåäèêî-
á³îëîã³÷íèõ äîñë³äæåíü çã³äíî ç ªâðî-
ïåéñüêîþ êîíâåíö³ºþ. Òâàðèí óòðèìóâàëè
íà çâè÷àéíîìó ðàö³îí³  â  ñòàíäàðòíèõ
óìîâàõ â³âàð³þ. Åâòàíàç³þ çä³éñíþâàëè ï³ä
óðåòàíîâèì íàðêîçîì. Äîñë³äíèì òâàðèíàì
ïðîòÿãîì 7, 14, 21, 28 ä³á âíóòð³øíüî-
î÷åðåâèííî ââîäèëè îìåïðàçîë (�Sigma�,
ÑØÀ) ó äîç³ 14 ìã/êã, à êîíòðîëüíèì � 0,2
ìë âîäè äëÿ ³í�ºêö³é. Ó ãîìîãåíàò³ ñëèííèõ
çàëîç âèçíà÷àëè àêòèâí³ñòü NO-ñèíòàçè
[ÊÔ 1.14.13.19] ³ âì³ñò NO

2
� [9]. Ï³ñëÿ

çàâåðøåííÿ åêñïåðèìåíòó çáèðàëè êðîâ äëÿ
âèçíà÷åííÿ âì³ñòó ãàñòðèíó ðàä³î³ìó-
íîëîã³÷íèì ìåòîäîì çà äîïîìîãîþ àíàë³-
òè÷íîãî íàáîðó �MP Biomedicals, LLC�
(ÑØA). Ðåçóëüòàòè äîñë³äæåíü îáðîáëÿëè
ìåòîäîì âàð³àö³éíî¿ ñòàòèñòèêè ç âèêîðèñ-
òàííÿì êðèòåð³þ t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Íàìè âñòàíîâëåíî, ùî âì³ñò ãàñòðèíó â ïëàç-
ì³ êðîâ³ ùóð³â êîíòðîëüíî¿ ãðóïè íà 28-ìó
äîáó ñòàíîâèâ 59,0 ïã/ìë ± 35,5 ïã/ìë, òîä³ ÿê
ó äîñë³äíèõ òâàðèí � 170,7 ïã/ìë ± 90,7 ïã/ìë
(Ð<0,05). Òàêèì ÷èíîì, òðèâàëå ââåäåííÿ
îìåïðàçîëó âèêëèêàº ã³ïåðãàñòðèíåì³þ.

Ðåçóëüòàòè äîñë³äæåíü (òàáëèöÿ) ñâ³ä-
÷àòü ïðî òå, ùî â óìîâàõ îìåïðàçîë³íäó-
êîâàíî¿ ã³ïåðãàñòðèíåì³¿ â ñëèííèõ çàëîçàõ
ùóð³â ï³äâèùóâàëàñü àêòèâí³ñòü NO-ñèí-
òàçè, ñÿãàþ÷è ìàêñèìóìó íà 14-òó äîáó:
(7,61±0,39) ìêìîëü[NO

2
�]/(ã . õâ). Íàäàë³

âîíà äåùî çíèçèëàñü ³ íà 28-òó äîáó áóëà
(5,76±0,25) ìêìîëü[NO

2
�]/(ã . õâ), ùî â 1,45

ðàçà âèùå, í³æ ó êîíòðîëüíèõ ùóð³â.
Íàÿâí³ñòü NO-ñèíòàçíîãî ìåõàí³çìó

çàáåçïå÷óº åíäîãåííèé ñèíòåç NO, ³îí³â
NO

2
� òà NO

3
�, à íàÿâí³ñòü í³òðèòðåäóê-

òàçíèõ ñèñòåì ñòâîðþº óìîâè äëÿ òîãî,
ùîá öåé ëàíöþã ôóíêö³îíóâàâ ÿê çàìêíåíèé
öèêë ³ NO

2
� òà NO

3
� ìîãëè á â³äíîâëþâàòèñÿ

äî NO. Öèêë³÷í³ñòü çâ�ÿçê³â ì³æ îêðåìèìè
ñïîëóêàìè çàáåçïå÷óº á³ëüø âèñîêó øâèä-
ê³ñòü ¿õ ïåðåòâîðåííÿ òà çìåíøåííÿ òîêñè÷-
íîãî âïëèâó íà êë³òèíè âíàñë³äîê íàêîïè-
÷åííÿ îêðåìèõ ïðîäóêò³â. Öå àêòóàëüíî ó
âèïàäêó ç  òàêîþ âèñîêîðåàêö³éíîþ òà
â³ëüíîðàäèêàëüíîþ ñïîëóêîþ, ÿê NO òà
éîãî ìåòàáîë³òè. Âàæëèâó ðîëü ó â³äíîâëåí³
NO

2
�  â³ä³ãðàº äåçîêñèãåìîãëîá³í. Ó òêàíè-

íàõ  â ³äíîâëåííÿ  NO
2

�  â ³äáó âàºòüñÿ  ó
ì³òîõîíäð³ÿõ ³  ì³êðî ñîìàõ.  Ó ïåðøèõ
í³òðèòðåäóêòàçíó àêòèâí³ñòü ìàº öèòîõðîì-
îêñèäàçà, à ó äðóãèõ � öèòîõðîì Ð-450.
Ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³ NO, à ñàìå
íåâåëèê³ ðîçì³ðè òà â³äñóòí³ñòü çàðÿäó, íå
äàþòü çìîãè ³çîëþâàòè îêñèä àçîòó (²²),
ñòâîðèòè äåïî ó âèãëÿä³ ìåìáðàííèõ ñòðóêòóð
ÿê ó âèïàäêó ç Ñà2+. Àëå çì³íþþ÷è âàëåíò-
í³ñòü àçîòó ï³ä ÷àñ îêèñíî-â³äíîâíèõ ðåàêö³é,
ìîæíà åôåêòèâíî ðåãóëþâàòè êîíöåíòðàö³þ
âèñîêîðåàêö³éíèõ ìåòàáîë³ò³â ó êë³òèí³ [8, 10].

Àêòèâí³ñòü NO-ñèíòàçè òà âì³ñò í³òðèò³â ó òêàíèíàõ ñëèííèõ çàëîç ùóð³â çà óìîâ ã³ïåðãàñòðèíåì³¿ (Ì±m)

Ãðóïè òâàðèí Àêòèâí³ñòü NO-ñèíòàçè, Âì³ñò í³òðèò³â,
ìêìîëü[NO

2
�]/(ã . õâ) ìêìîëü[NO

2
�]/ã

Êîíòðîëü (n=5) 3,97±0,11 0,164±0,007
Îìåïðàçîë
     7 ä³á (n=5) 6,49±0,37* 0,198±0,004*
     14 ä³á (n=5) 7,61±0,39* 0,206±0,003*
     21 äîáà (n=5) 7,48±0,18* 0,208±0,005*
     28 ä³á (n=6) 5,76±0,25* 0,194±0,006*

* Ð < 0,05 ïîð³âíÿíî ç êîíðîëåì.

Çì³íè NO-åðã³÷íî¿ ñèñòåìè ñëèííèõ çàëîç



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 61

Ç òàáëèö³ âèäíî, ùî â óìîâàõ îìåïðàçî-
ë³íäóêîâàíî¿ ã³ïåðãàñòðèíåì³¿ â ñëèííèõ
çàëîçàõ ùóð³â ï³äâèùóºòüñÿ âì³ñò NO

2
�.

Ìàêñèìóì (â 1,27 ðàçà) ïîð³âíÿíî ç êîíòðî-
ëåì ñïîñòåð ³ãàâñÿ  íà  21-øó äîáó.  Öå
ñâ³ä÷èòü ïðî íàêîïè÷åííÿ ìåòàáîë³ò³â NO
ó òêàíèíàõ ñëèííèõ çàëîç ³ ï³äâèùåííÿ
ðåçåðâ³â ñèíòåçó NO çà ðàõóíîê í³òðèò-
ðåäóêòàçíèõ ñèñòåì.

Òàêèì ÷èíîì, â óìîâàõ òðèâàëî¿ îìåï-
ðàçîë³íäóêîâàíî¿ ã³ïåðãàñòðèíåì³¿ ï³äâèùó-
âàëè àêòèâí³ñòü NO-åðã³÷íî¿ ñèñòåìè â
òêàíèíàõ ñëèííèõ çàëîç ùóð³â, à òàêîæ â
ñëèííèõ çàëîçàõ íàêîïè÷óâàëèñü NO

2
� �

ìåòàáîë³ò öèêë³÷íèõ ïåðåòâîðåíü îêñèäó
àçîòó òà ìîæëèâèé ñóáñòðàò äëÿ ñèíòåçó
NO çà ðàõóíîê í³òðèòðåäóêòàçíèõ ñèñòåì.
Ìàêñèìàëüíà àêòèâí³ñòü NO-ñèíòàçè ñïîñòå-
ð³ãàëàñÿ íà 14-òó äîáó, à âì³ñò NO

2
� ñÿãàâ

ìàêñèìàëüíîãî çíà÷åííÿ íà 21-øó äîáó. NO
2

�

íàäàë³ ìîæå áóòè ñóáñòðàòîì äëÿ ñèíòåçó
NO, ùî º àëüòåðíàòèâîþ NO-ñèíòàçí³é ðåàêö³¿.

À.À. Ñóõîìëèí, Ò.Â. Áåðåãîâàÿ, Ê.Ñ. Íåïîðàäà

ÈÇÌÅÍÅÍÈß ÀÊÒÈÂÍÎÑÒÈ
NO-ÝÐÃÈ×ÅÑÊÎÉ ÑÈÑÒÅÌÛ ÑËÞÍÍÛÕ
ÆÅËÅÇ ÊÐÛÑ Â ÓÑËÎÂÈßÕ
ÎÌÅÏÐÀÇÎËÈÍÄÓÖÈÐÎÂÀÍÎÉ
ÃÈÏÅÐÃÀÑÒÐÈÍÅÌÈÈ

Íà ýêñïåðèìåíòàëüíîé ìîäåëè îìåïðàçîëèíäóöèðîâàííîé
ãèïåðãàñòðèíåìèè èçó÷åíû àêòèâíîñòü NO-ñèíòàçû è
êîíöåíòðàöèÿ êîíå÷íûõ ïðîäóêòîâ ìåòàáîëèçìà îêñèäà
àçîòà � NO

2
� â ñëþííûõ æåëåçàõ êðûñ. Ñëåäóåò îòìåòèòü

ïîâûøåíèå àêòèâíîñòè NO-ñèíòàçû, êîòîðàÿ äîñòèãàëà
ìàêñèìóìà íà 14-å ñóòêè: (7,61±0,39) ìêìîëü[NO

2
�]/(ã .

ìèí), à â äàëüíåéøåì ñîñòàâèëà (5,76±0,25) ìêìîëü[NO
2

�]
/(ã . ìèí). Ïîëó÷åíî äîñòîâåðíîå ïîâûøåíèå àêòèâíîñòè
NO-ñèíòàçû è íàêîïëåíèå NO

2
�  â ñëþííûõ æåëåçàõ êðûñ â

óñëîâèÿõ äëèòåëüíîé ãèïåðãàñòðèíåìèè.
Êëþ÷åâûå ñëîâà: ñëþííûå æåëåçû, îìåïðàçîë, ãèïåð-
ãàñòðèíåìèÿ, NO-ñèíòàçà, îêñèä àçîòà, íèòðèòû.

A.A. Sukhomlyn, T.V. Beregova, K.S. Neporada

CHANGES OF THE ACTIVITY
OF NO-SYNTHASE IN SALIVARY GLANDS

OF RATS UNDER CONDITIONS OF OMEPRA-
ZOLE-INDUCED HYPERGASTRINEMIA

Under conditions of omeprazole-induced hypergastrinemia the
activity of NOS and the concentration of NO

2
�, the end prod-

uct of metabolism of nitric oxide were studied in salivary glands
of rats. We detected an increase in NOS activity, reaching a
maximum (7,61±0,39 ìmol [NO

2
�]/(g*min) at 14th day of the

experiment. At 28th day following omeprazole introduction
its activity was 5,76±0,25 ìmol [NO

2
�]/(g*min).

Key words: salivary glands, omeprazole, hypergastrinemia,
NÎ-synthase, NÎ, nitrites.

Ukrainian Medical Stomatological Academy, Poltava
Taras Shevchenko National University, Kyiv
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Ò.Ò. Âîëîä³íà, Í.Ä. Äçâîíêåâè÷, Ë.Ì. Ïåòðóíü, ².Ï. Êðèñþê, Í.Ì. Ïîïîâà,
Ñ.Ã. Øàíäðåíêî, Ì.Ï. Äìèòðåíêî

Çì³íè âëàñòèâîñòåé êîëàãåíó,
àêòèâíîñò³ ë³çèëîêñèäàçè ïðè ëàòèðèçì³

Ó ùóð³â çìîäåëüîâàíî ëàòèðèçì äîáàâëåííÿì äî ïèòíî¿ âîäè ñåì³êàðáàçèäó (0,075 %) ïðîòÿãîì
45 ä³á. Ïîêàçàíî, ùî ó äîñë³äíèõ òâàðèí ïîð³âíÿíî ç êîíòðîëåì çìåíøóºòüñÿ ìàñà ò³ëà íà 30
% òà çá³ëüøóþòüñÿ ìàñîâ³ êîåô³ö³ºíòè îðãàí³â. Íà òë³ ïàðåçó çàäí³õ ê³íö³âîê ÷àñòêîâî äåãðàäóº
ê³ñòêîâà òêàíèíà ç ðîçðîñòàííÿì õðÿùîâî¿, à êîíöåíòðàö³ÿ Ñà â çîë³ ãîì³ëêîâî¿ ê³ñòêè
çìåíøóºòüñÿ íà 46 %. Ïðè ðîçâèòêó ëàòèðèçìó ñóòòºâî çì³íþºòüñÿ ñòðóêòóðà ïîçàêë³òèííîãî
ìàòðèêñó, ùî ïîâ�ÿçàíî ç³ çìåíøåííÿì ì³æìîëåêóëÿðíèõ çøèâàíü ó íüîìó. Àêòèâí³ñòü
ë³çèëîêñèäàçè (êëþ÷îâîãî çøèâàëüíîãî ôåðìåíòó êîëàãåíîâèõ ñòðóêòóð) ó òêàíèíàõ ñåðöåâî¿
àîðòè çìåíøóºòüñÿ ó 5 ðàç³â. Êîíöåíòðàö³ÿ ôîðìàëüäåã³äó � íåôåðìåíòàòèâíî çøèâàëüíîãî
ðåàãåíòó, â óìîâàõ ëàòèðèçìó òàêîæ çíèæóºòüñÿ íà 47 %. Òàêèì ÷èíîì, ñåì³êàðáàçèä âïëèâàº
íå ò³ëüêè íà àêòèâí³ñòü ôåðìåíòàòèâíèõ ïðîöåñ³â óòâîðåííÿ àëüäåã³äíèõ ãðóï íà
á³ëêîâîçâ�ÿçàíîìó ë³çèí³, àëå ³ íà âì³ñò ³íøèõ àëüäåã³ä³â, ùî â³äïîâ³äàþòü çà óòâîðåííÿ
ì³æìîëåêóëÿðíèõ çøèâàíü. Íàâåäåíà ìîäåëü ìîæå áóòè âèêîðèñòàíà â äîñë³äæåííÿõ âïëèâó
³íã³á³òîð³â ë³çèëîêñèäàçè íà ñòàí ïîçàêë³òèííîãî ìàòðèêñó.
Êëþ÷îâ³ ñëîâà: ëàòèðèçì, ñåì³êàðáàçèä, êîëàãåí, ë³çèëîêñèäàçà, ì³æìîëåêóëÿðí³ çøèâêè,
ôîðìàëüäåã³ä.

ÂÑÒÓÏ

Ëàòèðèçì � çàõâîðþâàííÿ, ùî ðîçâèâàºòüñÿ
ó ëþäåé ³ òâàðèí ïðè âæèâàíí³ íàñ³ííÿ õ³íè
àáî ãîðîõîâíèêà Lathyrus ç ñ³ìåéñòâà Papil-
ionaceae, ÿêå ì³ñòèòü β-àì³íîïðîï³îí³òðèë,
³ ïðèçâîäèòü äî íåçâîðîòíèõ óøêîäæåíü
ñêåëåòà òà ñïîëó÷íî¿ òêàíèíè ó âèãëÿä³
âèêðèâëåíü õðåáòà, äåãåíåðàòèâíèõ àðòðè-
ò³â, àíåâðèçìè àîðòè, ïîðóøåíü ñèíòåçó òà
ñòðóêòóðè êîëàãåíó é åëàñòèíó [6]. Â³äîìî,
ùî ëàòèðèçì åêñïåðèìåíòàëüíî â³äòâî-
ðþºòüñÿ ä³ºþ íå ò³ëüêè β-àì³íîïðîï³î-
í³òðèëó, àëå ³ òàêèõ õ³ì³÷íèõ ñïîëóê, ÿê
ñåì³êàðáàçèä, ã³äðàçèäè, ã³äðàçèíè, êàðáà-
çàòè òà  äèò³îêàðáàìàòè.  Äîñë³äæåííÿ
ñåì³êàðáàçèä³íäóêîâàíîãî ëàòèðèçìó ³ äîñ³
àêòóàëüí³, îñê³ëüêè ïðîäóêòè õàð÷óâàííÿ
ìîæóòü áóòè çàáðóäíåí³ ñåì³êàðáàçèäîì ÿê
ïîõ³äíîþ â³ä õàð÷îâî¿ äîáàâêè àçîäèêàð-
áîíàì³äó, ùî âèêîðèñòîâóºòüñÿ ó õë³áîáó-

ëî÷íîìó âèðîáíèöòâ³ [15]. Åêñïåðèìåí-
òàëüíà ìîäåëü ëàòèðèçìó òàêîæ âèêîðèñ-
òîâóºòüñÿ äëÿ âèâ÷åííÿ çì³í ó ñòðóêòóð³
ê³ñòîê ³ ïîçàêë³òèííîãî ìàòðèêñó ï³ä ä³ºþ
ð³çíèõ ÷èííèê³â [8, 16]. ßê â³äîìî, îñíîâíèì
ìåõàí³çìîì ðîçâèòêó ëàòèðèçìó º ³íã³áó-
âàííÿ àêòèâíîñò³ ë³çèëîêñèäàçè � ôåðìåíòó
ç Cu-êàòàë³òè÷íèì öåíòðîì, ÿêèé â³äïî-
â ³äàº  çà  óòâîðåííÿ  ì³æìîëåêóëÿðíèõ
çøèâàíü ó êîëàãåí³ òà åëàñòèí³ çàâäÿêè
îêèñíîìó äåçàì³íóâàííþ ε -àì³íîãðóï
ë³çèíîâèõ ³ ã³äðîêñèë³çèíîâèõ çàëèøê³â. Â
îñòàíí³ ðîêè ïîêàçàíî, ùî öåé ôåðìåíò
êîíòðîëþº ñòðóêòóðó ïîçàêë³òèííîãî ìàò-
ðèêñó ³ â³äïîâ³äàº çà ôîðìóâàííÿ ì³æìî-
ëåêóëÿðíèõ çøèâàíü [13, 14]. Ïîêàçàíà éîãî
ïðè÷åòí³ñòü äî ³íäóêö³¿ êë³òèííî¿ ì³ãðàö³¿ òà
àäãåç³¿ [9, 10] ³ ìåõàí³çìó ìåòàñòàçóâàííÿ
ïóõëèí [9, 18]. ²íã³á³òîðè ë³çèëîêñèäàçè
çäàòí³ çìåíøóâàòè ìåòàñòàòè÷íèé ïîòåí-

©  Ò.Ò. Âîëîä³íà, Í.Ä. Äçâîíêåâè÷, Ë.Ì. Ïåòðóíü, ².Ï. Êðèñþê, Í.Ì. Ïîïîâà, Ñ.Ã. Øàíäðåíêî, Ì.Ï. Äìèòðåíêî



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 63

ö³àë êàíöåðîãåííèõ êë³òèí, ¿õ âèêîðèñòàííÿ
ïåðñïåêòèâíå äëÿ ðîçðîáêè àíòèìåòàñòà-
òè÷íèõ ïðåïàðàò³â [7]. Ùîäî íåôåðìåí-
òàòèâíîãî çøèâàííÿ, òî â³äîìî, ùî ôîð-
ìàëüäåã³ä áåðå ó÷àñòü â óòâîðåíí³ ì³æá³ë-
êîâèõ çøèâàíü ³ ìîæå âïëèâàòè íà ñòàí
ïîçàêë³òèííîãî ìàòðèêñó [5].

Ìåòà íàøîãî äîñë³äæåííÿ � â óìîâàõ
â³äòâîðåíîãî íà  ùóðàõ ñåì³êàðáàçèä-
³íäóêîâàíîãî ëàòèðèçìó îö³íèòè ðîçâèòîê
ïàòîëîã³¿ çà çì³íàìè â ñêåëåò³ òà ñòðóêòóð³
ïîçàêë³òèííîãî ìàòðèêñó, ðîçðîáèòè ìåòîä
î÷èñòêè ë³çèëîêñèäàçè, âèçíà÷èòè àêòèâ-
í³ñòü öüîãî ôåðìåíòó, éîãî ³íã³áóâàííÿ, à
òàêîæ âì³ñò ôîðìàëüäåã³äó â òêàíèíàõ
îðãàí³çìó.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåí³ íà 20 ùóðàõ-ñàìöÿõ
ë³í³¿ Â³ñòàð ìàñîþ 55�65 ã, ÿêèõ óòðèìóâàëè
íà ñòàíäàðòíîìó ðàö³îí³ â³âàð³þ òà ïîä³ëèëè
íà äâ³ ãðóïè ïî 10 òâàðèí ó êîæí³é. Ùóðàì
äîñë³äíî¿ ãðóïè â ïèòíó âîäó äîäàâàëè
ñåì³êàðáàçèä (0,075 %) ïðîòÿãîì 45 ä³á,
ï³ñëÿ ÷îãî ¿õ äåêàï³òóâàëè. Äëÿ âèçíà÷åííÿ
âì³ñòó  àëüäåã ³ä ³â  çà  1  ãîä  äî  çàáîþ
÷îòèðüîì òâàðèíàì ç êîæíî¿ ãðóïè ïåðèòî-
íåàëüíî ââîäèëè 1%-é ðîç÷èí äèìåäîíó â
äîç³ 10 ìë/êã.

Îêðåì³ îðãàíè çâàæóâàëè íà åëåêò-
ðîííèõ âàãàõ TB-300 Radwag îäðàçó ï³ñëÿ
äåêàï³òàö³¿ ³ âèðàõîâóâàëè ìàñîâèé êîåô³-
ö³ºíò, ÿê â³äñîòêîâå â³äíîøåííÿ ìàñè îðãàíà
äî ìàñè òâàðèíè ïîìíîæåíå íà 10.

Ïðåïàðàòè êîëàãåíó ² òèïó îòðèìóâàëè
ç ñóãëîá³â, øê³ðè òà ê³ñòîê çà äîïîìîãîþ
åêñòðàêö³¿ 0,5%-ì ðîç÷èíîì îöòîâî¿ êèñëî-
òè. Ê³ëüê³ñòü êîëàãåíó âèçíà÷àëè çà âì³ñ-
òîì îêñèïðîë³íó â ã³äðîë³çàòàõ åêñòðàêòó
[3]. Òåìïè ðîçïàäó êîëàãåíó â îðãàí³çì³
îö³íþâàëè çà âì³ñòîì îêñèïðîë³íó â ñå÷³ äî
òà ï³ñëÿ ã³äðîë³çó (â³ëüíèé òà ïåïòèä-
íîçâ�ÿçàíèé). ×èñòîòó êîëàãåíó, ñóáîäè-
íè÷íèé ñêëàä ìîëåêóëè, ñï³ââ³äíîøåííÿ
éîãî ìîíî- ³ ïîë³ìåðíèõ ôîðì âèçíà÷àëè

ìåòîäîì ãåëü-åëåêòðîôîðåçó â ïîë³àêðèë-
àì³äíîìó ãåë³ ç ê³ëüê³ñíîþ îö³íêîþ çà
äîïîìîãîþ ïðîãðàì Densital.

Àì³íîêèñëîòíèé ñêëàä êîëàãåíó äîñë³ä-
æóâàëè íà àíàë³çàòîð³ ÀÀÀ-881, ï³ñëÿ
ã³äðîë³çó ïðîá â 6 Í HCl ïðè 105îÑ ïðîòÿãîì
24 ãîä. Ãë³êîçàì³íîãë³êàíè (ÃÀÃ) ê³ñòîê ³
ñóãëîá³â âèä³ëÿëè, âèêîðèñòîâóþ÷è ã³äðîë³ç
ç ïàïà¿íîì [4]. Ê³ëüê³ñòü âóãëåâîä³â â ÃÀÃ
âèçíà÷àëè çà îïèñàíèì ìåòîäîì [1]. Âì³ñò
Ñà òà Ð ó ê³ñòêàõ çíàõîäèëè ç âèêîðèñ-
òàííÿì íàáîðó «PLIVA-Lachema Diag-
nostika», à àêòèâí³ñòü ëóæíî¿ ôîñôàòàçè â
ñèðîâàòö³ êðîâ³ � çà ñòàíäàðòíèìè ðåàãåí-
òàìè ô³ðìè «Ô³ë³ñèò-Ä³àãíîñòèêà», Óêðà¿íà.
Âì³ñò ôîðìàëüäåã³äó (çà óìîâ in vivo)
âèðàõîâóâàëè ç âèêîðèñòàííÿì éîãî àêöåï-
òîðà 5,5-äèìåòèë -1,3-öèêëîãåêñàíä³îíó
(äèìåäîí) çà ìåòîäèêîþ Szarvas ³ ñï³âàâò.
[19] â íàø³é ìîäèô³êàö³¿ [2]. Ùóðàì çà 40
õâ äî çàáîþ âíóòð³øíüîî÷åðåâèííî ââî-
äèëè 1%-é ðîç÷èí äèìåäîíó ³ç ðîçðàõóíêó
10 ìë/êã. Ï³ñëÿ äåêàï³òàö³¿ ãîìîãåí³çóâàëè
òêàíèíè ïå÷³íêè â 1%-ìó ðîç÷èí³ ã³äðîê-
ñèäó àìîí³þ ó ñï³ââ³äíîøåíí³ 1:6. Á³ëêè
îñàäæóâàëè Ba(OH)

2
 ³ Zn(SO)

4
. Äî 1 ìë

ñóïåðíàòàíòó äîäàâàëè 0,5 ìë 30%-ãî
îöòîâîêèñëîãî àìîí³þ, äîâåäåíîãî äî ðÍ
5,5. Îòðèìàíèé ðîç÷èí êèï�ÿòèëè 20 õâ ó
çàêðèò³é ïðîá³ðö³ ,  ï ³ñëÿ ÷îãî øâèäêî
îõîëîäæóâàëè. Ê³ëüê³ñòü óòâîðåíîãî ôëóî-
ðåñöåíòíîãî ïðîäóêòó âèì³ðþâàëè íà
ôëóîðèìåòð³ FL800 («Biotek», ÑØÀ) ïðè
λ

åx
/λ

em 
360/420 íì. Äëÿ êàë³áðîâêè âèêîðèñ-

òîâóâàëè ñòàíäàðòí³ ðîç÷èíè ôîðìàëü-
äèìåäîíó.

Ôåðìåíòàòèâíó àêòèâí³ñòü ë³çèëîêñèä-
àçè ç òêàíèí àîðòè âèçíà÷àëè çà óòâîðåííÿì
ôëóîðåñöåíòíîãî ïðîäóêòó ðåàêö³¿ Í

2
Î

2 
ç

ãîìîâàí³ë³íîâîþ êèñëîòîþ [17]. Äëÿ öüîãî
î÷èùåíó àîðòó ðîçòèðàëè â ð³äêîìó àçîò³
òà äîäàâàëè 0,12Ì NaCl/0,016M êàë³é-
ôîñôàòíèé áóôåð (ðÍ 7,7) ³ç ðîçðàõóíêó 2,5
ìë/ã òêàíèíè. Ãîìîãåíàò öåíòðèôóãóâàëè
ïðè 15000 õâ-1 óïðîäîâæ 30 õâ. Îòðèìàíèé
îñàä ïðîìèâàëè 0,016 Ì êàë³é-ôîñôàòíèì
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áóôåðîì (ðÍ 7,7), ïîò³ì äâ³÷³ åêñòðàãóâàëè
ðîç÷èíîì 4 Ì ñå÷îâèíè â öüîìó ñàìîìó
áóôåð³ ïðîòÿãîì 18 ãîä, åêñòðàêòè îá�ºä-
íóâàëè [11] òà ³çîôîêóñóâàëè íà ïðèëàä³
Multifor (ÑØÀ) ç âèêîðèñòàííÿì àìôîë³í³â
(ðÍ 3�10) .  ×èñòîòó  á ³ëêîâèõ ôðàêö³é
ïåðåâ ³ðÿëè  ìåòîäîì åëåêòðîôîðåçó  â
ïîë³àêðèëàì³äíîìó ãåë³ [1].

Ñòàòèñòè÷íó îáðîáêó ïðîâîäèëè çà
äîïîìîãîþ ïðîãðàì Excel, Statistics.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Äèíàì³êà ìàñè ò³ëà òà îðãàí³â. Õðîí³÷íå
âæèâàííÿ ñåì³êàðáàçèäó ñóòòºâî çìåíøóº
ìàñó ùóð³â. Ïðèð³ñò ìàñè ò³ëà òâàðèí çà
21 äîáó â äîñë³äí³é ãðóï³ áóâ íà 38 %, çà 40
ä³á � íà 43 % ìåíøèé, í³æ ó êîíòðîëüí³é,
ùî ñâ³ä÷èòü ïðî ñóòòºâå â³äñòàâàííÿ â ðîñ-
ò³ äîñë³äíèõ òâàðèí (òàáë. 1). Çì³íà òåìï³â
ðîñòó òâàðèí ï³ä ä³ºþ ñåì³êàðáàçèäó ïðèç-
âåëà äî äèñïðîïîðö³¿ ìàñè ïåâíèõ îðãàí³â.
Ïðè öüîìó ìàñîâèé êîåô³ö³ºíò (% . 10)
äîñë³äíèõ ùóð³â áóâ âèùèì çà íîðìó ó
òàêèõ îðãàíàõ: íèðêè � ìàéæå íà 10 %
(6,9±0,4 � êîíòðîëü; 7,6±0,6 � äîñë³ä); ìîçîê
íà 40 % (7,6±0,6; 10,6±1,8 â³äïîâ³äíî);
ñ³ì�ÿíèêè � íà 22 % (13,3±1,6; 16,2±1,2
â³äïîâ³äíî). Âîäíî÷àñ öåé ïîêàçíèê äëÿ
òèìóñà çìåíøèâñÿ íà 22 % (1,7±0,2 �
êîíòðîëü; 1,3±0,5 � äîñë³ä), ùî ñâ³ä÷èòü ïðî
ñòðåñîâèé ñòàí äîñë³äíèõ ùóð³â. Ìàñîâèé
êî åô³ö³ºíò ïå÷³íêè,  ñåëåç³íêè,  ñåðöÿ,
ëåãåí³â, íàäíèðêîâî¿ çàëîçè íå çì³íèâñÿ.
Ðåíòãåíîëîã³÷íå äîñë³äæåííÿ. Íà ðåíò-
ãåíîãðàìàõ äîñë³äíèõ ùóð³â ïðîñòåæó-
þòüñÿ ð³çí³ ñòðóêòóðí³ çì³íè  ÿê ó ãóá÷àñò³é,
òàê ³  â  êîìïàêòí³é ðå÷îâèí³  ê³ñòêîâî¿
òêàíèíè (ðèñ. 1). Ó ê³ñòêàõ ïåðåäí³õ ³ çàäí³õ
ê³íö³âîê ÷³òêî âèÿâëÿþòüñÿ ïîðóøåííÿ

åíõîíäðàëüíîãî îñòåîãåíåçó. Ñïîíã³îçíà
÷àñòèíà òðóá÷àñòèõ ê³ñòîê çàäí³õ ê³íö³âîê,
ùî ñôîðìîâàíà ê³ñòêîâèìè òðàáåêóëàìè,
ìàëî íàñè÷åíà ì³íåðàëüíèìè ðå÷îâèíàìè.
Òàêîæ ñïîñòåð³ãàþòüñÿ äåñòðóêòèâí³ çì³íè
ó ñóãëîáîâèõ õðÿùàõ, ÿê³ ñõîæ³ ç îñòåî-
õîíäðîïàò³ÿìè åï³ô³ç³â ³ ìåòàô³ç³â äîâãèõ
òðóá÷àñòèõ  ³  ñ å çàìîïîä³áíèõ  ê ³ñòîê ;
êîíñòàòóºòüñÿ ìíîæèííà îñòåîõîíäðîïàò³ÿ
ôàëàíã³â ïàëüö³â. Òàçîâ³ ê³ñòêè ñêåëåòà
õàðàêòåðèçóþòüñÿ ð³âíîì³ðíèì ãîìîãåííèì
ïðîñâ³òë³ííÿì òà çíèêíåííÿì ñòðóêòó-
ðîâàíîãî ìàëþíêà (äèâ. ðèñ.1, II). Ñóãëî-
áîâà ù³ëèíà ïðè öüîìó ðîçøèðþºòüñÿ
âíàñë³äîê äåãåíåðàö³¿ õðÿùà òà ñóáõîíä-
ðàëüíî¿ ê³ñòêè. Ä³ëÿíêè òàçîâèõ ê³ñòîê
äàþòü ñâ³òë³ ãîìîãåíí³ ò³í³ òà ñêëàäàþòüñÿ
ç äåê³ëüêîõ áåçñòðóêòóðíèõ ³çîëüîâàíèõ
ôðàãìåíò³â íåïðàâèëüíî¿ ôîðìè. Ñâ³òë³
ä³ëÿíêè, íà òë³ ÿêèõ ñïîñòåð³ãàþòüñÿ ö³
ôðàãìåíòè, â³äïîâ³äàþòü ðîçðîñòàííÿì
ñïîëó÷íî¿  òêàíèíè ì³æ çîíàìè ðîñòó
ìåòàåï³ô³çàðíîãî õðÿùà.

Òàêèì ÷èíîì, ìîæíà çðîáèòè âèñíîâîê,
ùî ïðè ïàðàë³÷³ çàäí³õ ê³íö³âîê ïîðó-
øóþòüñÿ ïðîöåñè åíõîíäðàëüíîãî ñêîñòå-
í³ííÿ,  êîòð³  ñóïðîâîäæóþòüñÿ çì³íîþ
ìîðôîëîã³÷íî¿ îñòåîííî¿ áóäîâè êîìïàêò-
íîãî øàðó ê³ñòîê ³ ôîðìóâàííÿì ê³ñòêîâèõ
òðàáåêóë ãóá÷àñòî¿  ðå÷îâèíè,  à  òàêîæ
â³äõèëåííÿì ó ìåòàáîë³çì³ ìåòàô³çàðíîãî
õðÿùÿ íà ìåæ³ ì³æ ä³àô³çîì ³ åï³ô³çîì.
Ñóáõîíäðàëüíà, àïîô³çàðíà òà åï³ìåòà-
ô³çàðíà ê³ñòêè ìàþòü ÷³òêó ðîçìåæîâà-
í³ñòü, à ÷àñòêîâå ³ ì³ñöÿìè ïîâíå ðóéíó-
âàííÿ ñòðóêòóðè ê³ñòêîâî¿ òêàíèíè íà òë³
ïàðàë³÷ó çóìîâëåíå ïàòîëîã³÷íèì êðîâî-
ïîñòà÷àííÿì. Çì³íè àðõ³òåêòîí³êè äîáðå
âèðàæåí³ ³ â êîìïàêòíèõ ÷àñòèíàõ ä³àô³çà
é åï³ô³çà ê³ñòêè. Ó öèõ ä³ëÿíêàõ íå â³äì³-

Òàáëèöÿ 1. Äèíàì³êà ìàñè (ã) ò³ëà òâàðèí

Ãðóïà òâàðèí                           Âæèâàííÿ ñåì³êàðáàçèäó
ïî÷àòîê 21 äîáà 40 ä³á

Êîíòðîëü 58 ± 4 144 ± 12 201 ± 24
Äîñë³ä 60 ± 5 113 ± 12* 142 ± 32*

Ïðèì³òêà. Òóò ³ â òàáë. 2 *Ð<0,05.

Çì³íè âëàñòèâîñòåé êîëàãåíó
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÷åíî ÷³òêèõ ìåæ ÿê ç áîêó îê³ñòÿ, òàê ³
ê³ñòêîâî-ìîçêîâî¿ ÷àñòèí ê³ñòêè.

Á³îõ³ì³÷í³  äîñë³äæåííÿ ñòàíó ê³ñòîê.
Âèâ÷åííÿ ì³íåðàëüíèõ êîìïîíåíò³â âåëè-
êîãîì³ëêîâî¿ ê³ñòêè ïîêàçàëî çíèæåííÿ ¿¿
çîëüíîñò³ íà 13,5 %: êîíòðîëü � 51,2 % ±
1,7 %, äîñë³ä � 44,3 % ± 4,4 % (Ð<0,05);
çíèæåííÿ âì³ñòó êàëüö³þ â çîë³ íà 46,5 %:
êîíòðîëü � 35,8 % ± 2,9 %, äîñë³ä � 19,4 %
± 3,9 % (Ð<0,05). Âì³ñò ôîñôîðó â çîë³
çàëèøèâñÿ íåçì³ííèì. Îòðèìàí³ ðåçóëüòàòè
ñâ³ä÷àòü ïðî òå, ùî ðîçâèòîê ã³ïîêàëüö³ºì³¿
º îäíèì ç îñíîâíèõ ÷èííèê³â ïàòîëîã³÷íèõ
çì³í â àðõ³òåêòîí³ö³ ñêåëåòà ïðè ëàòèðèçì³.

Ïîðóøåííÿ ñòðóêòóðè ê³ñòîê ïðè ðîç-
âèòêó  ëàòèðèçìó  êîðåëþº  ç ³  çì ³íàìè
àêòèâíîñò³ ëóæíî¿ ôîñôàòàçè â ñèðîâàòö³
êðîâ³: êîíòðîëü � (0,4±0,6) ìêìîëü/ë, äîñë³ä
� (7,0±0,6) ìêìîëü/ë (Ð<0,05).
Âëàñòèâîñò³ êîëàãåíó. Ê³ëüê³ñíèé âèõ³ä
êîëàãåíó ïðè éîãî åêñòðàêö³¿  ç  ê³ñòîê,
ñóãëîá³â ³ øê³ðè º ³íòåãðàëüíèì ïîêàçíèêîì
ì³æìîëåêóëÿðíèõ çøèâàíü ó íüîìó. Äîñë³ä-
æåííÿ âèÿâèëî ñóòòºâå ï³äâèùåííÿ ðîç÷èí-
íîñò³ êîëàãåíó ó ùóð³â ï³ä ä³ºþ ñåì³êàð-
áàçèäó. Òàê, ó äîñë³äíèõ òâàðèí ê³ëüê³ñíèé
âèõ³ä êîëàãåíó ïðè êèñëîòí³é åêñòðàêö³¿ ç

ãîì³ëêîâî¿ ê³ñòêè, ñóãëîá³â ³ øê³ðè ï³äâè-
ùèâñÿ â 1,7, 3,4 òà 1,8 ðàçà â³äïîâ³äíî, ùî
ñâ³ä÷èòü ïðî çíà÷íå çìåíøåííÿ ðîçãàëó-
æåíîñò³ ì³æìîëåêóëÿðíèõ çâ�ÿçê³â â ïîçà-
êë³òèííîìó ìàòðèêñ³. Àíàëîã³÷í³ ðåçóëüòàòè
îòðèìàí³  ³  ïðè  åêñò ðàêö³ ¿  êîëàãåíó  ç
âèêîðèñòàííÿì ïåïñèíó, ÿêèé ëåãêî â³ä-
ùåïëþº òåëîïåïòèäè, ùî ëîêàë³çîâàí³ â
íåñï³ðàë³çîâàíèõ N- ³ C-ê³íöåâèõ ëîêóñàõ
ìîëåêóëè òà  ì³ñòÿòü ðåàêö³éíî çäàòí³
àëüäåã³äí³  ãðóïè,  ùî â³äïîâ³äàþòü çà
óòâîðåííÿ ì³æìîëåêóëÿðíèõ çøèâàíü ì³æ
ñóáîäèíèöÿìè êîëàãåíó.

Åëåêòðîôîðåòè÷íå äîñë³äæåííÿ ñóáîäè-
íè÷íîãî ñêëàäó êîëàãåíó øê³ðè � ñï³ââ³ä-
íîøåííÿ ìîíîìåðà � (α-êîìïîíåíò) òà
äèìåðà � (β-êîìïîíåíò) âèÿâèëî, ùî âì³ñò
α1-êîìïîíåíòà ñòàíîâèâ: 26,4 % ± 1,6 % ó
êîíòðîëüí³é ãðóï³ òà 31,5 % ± 0,6 % ó
äîñë³äí³é (Ð<0,05); âì³ñò α2-êîìïîíåíòà íå
çì³íèâñÿ; β1- òà β2-êîìïîíåíòè ñóìàðíî
ñòàíîâèëè: 54,7 % ± 2,8 % � êîíòðîëü òà
49,9 % ± 0,9 % � äîñë³ä (Ð<0,05). Ñòðóê-
òóðíèé β1-êîìïîíåíò êîëàãåíó óòâîðþºòüñÿ
âíàñë³äîê ì³æìîëåêóëÿðíèõ çøèâàíü äâîõ
α1-êîìïîíåíò³â, β2-êîìïîíåíò � ç α1- òà
α2-ñóáîäèíèöü. Òàêèì ÷èíîì, ðåçóëüòàòè
ñâ³ä÷àòü ïðî òå, ùî ï³äâèùåííÿ ðîç÷èííîñò³

Ðèñ. 1. Ïðîô³ëüíà (I) òà âåðòèêàëüíà (II) ðåíòãåíîãðàìè äîñë³äíîãî (à) òà êîíòðîëüíîãî (á) ùóð³â

I I I
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êîëàãåíó (òàáë. 2) ïðè ðîçâèòêó ëàòèðèçìó
â³äáóâàºòüñÿ ÷åðåç çíèæåííÿ ì³æìîëåêó-
ëÿðíèõ çøèâàíü ì³æ α1- êîìïîíåíòàìè.

Ó ïðåïàðàòàõ êîëàãåíó, îäåðæàíèõ ç
åêñòðàêò³â ï³ñëÿ äîäàâàííÿ ïåïñèíó (àòåëî-
êîëàãåí) äîñë³äæåíî ñêëàä àì³íîêèñëîò
(îêñèë³çèí, ë³çèí, ã³ñòèäèí, àðã³í³í, îêñè-
ïðîë³í, àñïàðàã³í, òðåîí³í, ñåðèí, ãëóòàì³í,
ïðîë³í,  ãë³öèí, àëàí³í,  öèñòå¿í,  âàë³í,
ìåò³îí³í, ³çîëåéöèí, ëåéöèí, òèðîçèí, ôåí³ë-
àëàí³í). Ðåçóëüòàòè àíàë³çó íå âèÿâèëè
äîñòîâ³ðíèõ çì³í ó ê³ëüêîñò³ àì³íîêèñëîò
àòåëîêîëàãåíó ïðè ðîçâèòêó ëàòèðèçìó. Âì³ñò
âóãëåâîäíèõ êîìïîíåíò³â (D-ãëþêîçà òà D-
ãàëàêòîçà) â êîëàãåí³ ê³ñòîê, ñóãëîá³â ³ øê³ðè
â äîñë³äí³é ãðóï³ íå â³äð³çíÿâñÿ â³ä íîðìè.

²íòåíñèâí³ñòü îáì³íó êîëàãåíó â îðãà-
í³çì³ îö³íþâàëè çà âì³ñòîì ïðîäóêò³â éîãî
äåãðàäàö³¿  â  äîáîâ³é ñå÷³ .  Â³äîìî,  ùî
êàòàáîë³çì êîëàãåíó ñóïðîâîäæóºòüñÿ
âèâ³ëüíåííÿì ïåïòèä³â ³ â³ëüíèõ àì³íî-
êèñëîò, ñåðåä ÿêèõ îêñèïðîë³í ïîñ³äàº ì³ñöå
ñïåöèô³÷íîãî ìàðêåðà öüîãî á³ëêà. Àíàë³ç
âì³ñòó â³ëüíîãî òà ïåïòèäíîçâ�ÿçàíîãî
îêñèïðîë³íó â äîáîâ³é ñå÷³ äî òà ï³ñëÿ
ã³äðîë³çó òàêîæ íå âèÿâèâ äîñòîâ³ðíèõ çì³í.

Òàêèì ÷èíîì, ðåçóëüòàòè äîñë³äæåííÿ
ñâ³ä÷àòü ïðî òå, ùî ïðè ðîçâèòêó ëàòèðèçìó
ñêëàä ïåðâèííî¿ ñòðóêòóðè êîëàãåíó çàëè-
øàºòüñÿ íåçì³ííèì íà òë³ ñóòòºâèõ çì³í
ê³ëüêîñò³ ì³æìîëåêóëÿðíèõ çøèâàíü ó íüîìó.

Âàæëèâèì ôàêòîðîì ó  ôîðìóâàíí³
ïîçàêë³òèííîãî ìàòðèêñó º  óòâîðåííÿ
êîìïëåêñ³â êîëàãåíó ç ÃÀÃ ÷åðåç ôîðìó-
âàííÿ ì³æìîëåêóëÿðíèõ çøèâàíü ì³æ íèìè.
Äëÿ òîãî, ùîá îö³íèòè öåé ïðîöåñ ïðîâåëè
ê³ëüê³ñíó åêñòðàêö³þ ÃÀÃ ç ê³ñòîê ³ ñóãëîá³â
òâàðèí. Ðåçóëüòàòè ñâ³ä÷àòü ïðî ñóòòºâå (â
1,5 ðàçà) çá³ëüøåííÿ ê³ëüêîñò³ ÃÀÃ, ùî
åêñòðàãóþòüñÿ ïðè ëàòåðèçì³ ç ê³ñòîê:

êîíòðîëü � (70,6±8,2) ìã/ã, äîñë³ä � (105±31)
ìã /ã  (Ð<0 ,05) ;  ç  ñó ãëîá³â  �  ó  2  ðàçè :
êîíòðîëü � (173±13) ìã/ã, äîñë³ä � (372±39)
ìã/ã (Ð<0,05). Òàêèì ÷èíîì, çá³ëüøåííÿ
ê³ëüêîñò³ ÃÀÃ â åêñòðàêòàõ òêàíèí âêàçóº
ïðî çíèæåííÿ ¿õ çøèâàííÿ ç ³íøèìè ³íãðå-
ä³ºíòàìè ïîçàêë³òèííîãî ìàòðèêñó. Âì³ñò
âóãëåâîäíî¿ ñêëàäîâî¿ ÃÀÃ íå çì³íèâñÿ òà
çàëèøèâñÿ îäíàêîâèì íà ð³âí³ 0,12 % äëÿ
ÃÀÃ ç ê³ñòîê ³ ñóãëîá³â ó äîñë³ä³ òà êîíòðîë³.
Öå ñâ³ä÷èòü, ÿê ³ ó âèïàäêó ç êîëàãåíîì,
ùî ïðè ðîçâèòêó ëàòèðèçìó ïåðâèííà
ñòðóêòóðà ÃÀÃ íå çì³íþºòüñÿ, àëå çìåí-
øóºòüñÿ ê³ëüê³ñòü ì³æìîëåêóëÿðíèõ çøè-
âàíü ç êîëàãåíîì.
Àêòèâí³ñòü ë³çèëîêñèäàçè. Äîñë³äæåííÿ
çì³í àêòèâíîñò³ ë³çèëîêñèäàçè íà ìîäåë³
ëàòèðèçìó íàáóâàº âàæëèâîãî çíà÷åííÿ,
îñê³ëüêè ñàìå öåé ôåðìåíò â³äïîâ³äàëüíèé
çà ôîðìóâàííÿ ïîçàêë³òèííîãî ìàòðèêñó �
óòâîðåííÿ ì³æìîëåêóëÿðíèõ çøèâàíü ó
êîëàãåí³, åëàñòèí³ òà ÃÀÃ. Ë³çèëîêñèäàçà
ìàº òêàíèííó ñïåöèô³÷í³ñòü ³ ìàêñèìàëüíî
íàÿâíà â òêàíèíàõ ñåðöåâî¿ àîðòè [9,11].
Âðàõîâóþ÷è íèçüêó àêòèâí³ñòü íåî÷è-
ùåíîãî ôåðìåíòó, ¿¿ äîñë³äæåííÿ ïðîâîäèëè
â îêðåìèõ ôðàêö³ÿõ ï³ñëÿ ³çîôîêóñóâàííÿ
åêñòðàêòó ñåðöåâî¿ àîðòè ïðè ðÍ 3,0�10,5.
Ðåçóëüòàòè ïîêàçàëè, ùî àêòèâí³ñòü ôåð-
ìåíòó, ÿêó âèçíà÷àëè ïðè ðÍ 6,4, ñòàíîâèëà
äëÿ êîíòðîëüíèõ ïðîá � (32,5±5,9) ïìîëü .

õâ-1 . ìã-1, òîä³ ÿê äîñë³äíèõ � (6,75±1,06)
ïìîëü . õâ-1 . ìã-1. Ãîìîãåíí³ñòü á³ëê³â ö³º¿
ôðàêö³¿ ïåðåâ³ðÿëè ìåòîäîì åëåêòðîôîðåçó
â ïîë³àêðèëàì³äíîìó ãåë³. Âèÿâëåíî îäíó
á³ëêîâó çîíó, ëîêàë³çîâàíó â ñìóç³,  ùî
â³äïîâ³äàº ìîëåêóëÿðí³é ìàñ³ 63�67 êÄà ³
çá³ãàºòüñÿ ç äàíèìè ë³òåðàòóðè [11]. Òàêèì
÷èíîì, ïðîâåäåí³ äîñë³äæåííÿ ï³äòâåðä-
æóþòü, ùî ñåì³êàðáàçèä ³ñòîòíî ïðèãí³÷óº

Òàáëèöÿ 2. Ðîç÷èíí³ñòü êîëàãåíó (ìã/ã) ïðè éîãî åêñòðàêö³¿ áåç ïåïñèíó òà ç ïåïñèíîì

Ãðóïà òâàðèí                   Ê³ñòêè                  Ñóãëîáè    Øê³ðà
áåç ïåïñèíó ç ïåïñèíîì áåç ïåïñèíó ç ïåïñèíîì áåç ïåïñèíó

Êîíòðîëü 1,74±1,09 4,9±1,3 21,6±6,7 50,8±5,1 23,6±0,75
Äîñë³ä 2,96±0,86* 10,1±0,7* 73,6±26,0* 95,1±7,6* 42,5±0,76*

Çì³íè âëàñòèâîñòåé êîëàãåíó
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àêòèâí³ñòü ë³çèëîêñèäàçè, ÿêà, çà óìîâàìè
íàøîãî åêñïåðèìåíòó, çìåíøóºòüñÿ ìàéæå
â 5 ðàç³â (Ð<0,05).
Âì³ñò ôî ðìàëüäåã ³äó.  Ñ åì³êàðáàçèä
âñòóïàº â ðåàêö³þ ç ôîðìàëüäåã³äîì òà
³íøèìè àëüäåã³äàìè, óòâîðþþ÷è ñåì³êàð-
áàçîíè:  H

2
NNHC(=O)NH

2
 +  RCHO →

RCH=NNHC(=O)NH
2
.  Â³í  òàêîæ ìîæå

çâ�ÿçóâàòèñÿ ç êàðáîí³ëüíèìè ãðóïàìè
àêòèâíèõ öåíòð³â ôåðìåíò³â òà ³íã³áóâàòè
¿õ àêòèâí³ñòü. Öå ñòîñóºòüñÿ ³ ñåì³êàðáà-
çèä÷óòëèâî¿ àì³íîêñèäàçè, ÿêà º îñíîâíèì
äæåðåëîì óòâîðåííÿ ôîðìàëüäåã³äó â
òêàíèíàõ ³ êë³òèíàõ îðãàí³çìó. Îñòàííüîìó
ïðèòàìàííå óòâîðåííÿ ì³æìîëåêóëÿðíèõ
çøèâàíü,  ÿê³  âïëèâàþòü íà ñòàí ïîçà-
êë³òèííîãî ìàòðèêñó. Ùîäî âèçíà÷åííÿ
âì³ñòó ôîðìàëüäåã³äó áåçïîñåðåäíüî â
îðãàíàõ äîñë³äíèõ òâàðèí, òî ñë³ä âðàõîâó-
âàòè, ùî éîãî ìåòàáîë³÷í³ ïåðåòâîðåííÿ
â³äáóâàþòüñÿ äîñèòü øâèäêî, òîìó ñòàí-
äàðòí³ ìåòîäè âèçíà÷åííÿ éîãî êîíöåíòðàö³¿
in vitro â òêàíèíàõ ìîæóòü íåêîðåêòíî
â³äîáðàæàòè âì³ñò ö³º¿ ñïîëóêè â îðãàí³çì³.
Òîìó ùóðàì ââîäèëè äèìåäîí, ÿêèé çäàò-
íèé ðîçïîä³ëÿòèñÿ â òêàíèíàõ îðãàí³â òà
óòâîðþâàòè êîìïëåêñ ç ôîðìàëüäåã³äîì �
ôîðìàëüäèìåäîí. Öåé êîìïëåêñ ñòàá³ëüíèé
ó ÷àñ³, ìàº ã³äðîôîáí³ âëàñòèâîñò³ çàâäÿêè
÷îìó íàêîïè÷óºòüñÿ, ³ éîãî êîíöåíòðàö³ÿ
â³äîáðàæàº âì³ñò ôîðìàëüäåã³äó â îðãà-
í³çì³. Êîíöåíòðàö³þ ôîðìàëüäèìåäîíó â
òêàíèíàõ ïå÷³íêè âèçíà÷àëè îäðàçó ï³ñëÿ
äåêàï³òàö³¿ òâàðèí. Çà íàÿâíîñò³ ³îí³â àçîòó
ïðè âèñîê³é òåìïåðàòóð³ ôîðìàëüäèìåäîí
óòâîðþº ôëóîðåñöåíòíèé ïðîäóêò � äè-
ã³äðîï³ðèäèíîâó ïîõ³äíó, ùî äàº çìîãó
ïðîâîäèòè ê³ëüê³ñíèé àíàë³ç.

Òàêèì ÷èíîì, ïðè õðîí³÷íîìó ââåäåíí³
ñåì³êàðáàçèäó âì³ñò ôîðìàëüäåã³äó â ïå-
÷³íö³ ùóð³â çìåíøèâñÿ íà 47 %: êîíòðîëü �
(138±21) íìîëü/ã, äîñë³ä � (78±19) íìîëü/ã
(Ð<0,05. Âðàõîâóþ÷è, ùî ä³ÿ ôîðìàëüäåã³äó
ïðèçâîäèòü äî íåôåðìåíòàòèâíîãî óòâî-
ðåííÿ âíóòð³øíüî- òà ì³æá³ëêîâèõ çøèâàíü,
çìåíøåííÿ éîãî ê³ëüêîñò³ â îðãàí³çì³ òàêîæ

º ùå îäíèì ÷èííèêîì çì³íè ñòàíó ïîçàêë³-
òèííîãî ìàòðèêñó.

Òàêèì ÷èíîì, ïðè õðîí³÷íîìó ââåäåíí³
ñåì³êàðáàçèäó ñóòòºâî ïîðóøóºòüñÿ îïîð-
íî-ðóõîâèé àïàðàò � êîíñòàòóºòüñÿ îñòåî-
ëàòèðèçì ç ÷³òêî âèðàæåíèìè êë³í³÷íèìè òà
á³îõ³ì³÷íèìè õàðàêòåðèñòèêàìè, çì³íþ-
ºòüñÿ  ïîçàêë³òèííèé ìàòðèêñ  �  çìåí-
øóºòüñÿ ê³ëüê³ñòü ì³æìîëåêóëÿðíèõ çøè-
âàíü ó êîëàãåí³ òà ÃÀÃ, çíèæóºòüñÿ àêòèâ-
í ³ñòü  ë ³ çèëîêñèäàçè ,  à  ò àêîæ ³ñòîòíî
çìåíøóºòüñÿ âì³ñò ôîðìàëüäåã³äó. Ìîäåëü
³íäóêîâàíîãî ëàòèðèçìó ïåðñïåêòèâíà ó
ïîøóêó åôåêòèâíèõ ³íã³á³òîð³â ë³çèëîê-
ñèäàçè äëÿ ðîçðîáêè íîâèõ çàñîá³â ìîäó-
ëÿö³¿ ìåòàñòàòè÷íèõ ïðîöåñ³â çëîÿê³ñíèõ
íîâîóòâîðåíü.

Ò.Ò. Âîëîäèíà, Í.Ä. Äçâîíêåâè÷,
Ë.Ì. Ïåòðóíü, È.Ï. Êðûñþê, Í.Í. Ïîïîâà,
Ñ.Ã. Øàíäðåíêî, Í.Ï. Äìèòðåíêî

ÈÇÌÅÍÅÍÈÅ ÑÂÎÉÑÒÂ ÊÎËÀÃÅÍÀ,
ÀÊÒÈÂÍÎÑÒÈ ËÈÇÈËÎÊÑÈÄÀÇÛ
ÏÐÈ ËÀÒÈÐÈÇÌÅ

Ó êðûñ ñìîäåëèðîâàí ëàòèðèçì ïóòåì äîáàâëåíèÿ ê
ïèòüåâîé âîäå ñåìèêàðáàçèäà (0,075 %) íà ïðîòÿæåíèè 45
ñóò. Ïîêàçàíî, ÷òî ó îïûòíûõ æèâîòíûõ ïî ñðàâíåíèþ ñ
êîíòðîëåì óìåíüøàåòñÿ ìàññà òåëà íà 30 % è óâåëè-
÷èâàþòñÿ ìàññîâûå êîýôôèöèåíòû îðãàíîâ. Íà ôîíå
ïàðàëè÷à çàäíèõ êîíå÷íîñòåé ÷àñòè÷íî ðàçðóøàåòñÿ
êîñòíàÿ òêàíü ñ ðàçðàñòàíèåì õðÿùåâîé, êîíöåíòðàöèÿ Ñà
â çîëå áåäðåííîé êîñòè óìåíüøàåòñÿ íà 46 %. Ïðè ðàçâèòèè
ëàòèðèçìà ñóùåñòâåííî èçìåíÿåòñÿ ñòðóêòóðà âíåêëå-
òî÷íîãî ìàòðèêñà, ÷òî ñâÿçàíî ñ óìåíüøåíèåì ìåæìîëå-
êóëÿðíûõ ñøèâîê â íåì. Àêòèâíîñòü ëèçèëîêñèäàçû
(êëþ÷åâîãî ñøèâàþùåãî ôåðìåíòà êîëëàãåíîâûõ ñòðóê-
òóð) â òêàíÿõ ñåðäå÷íîé àîðòû óìåíüøàåòñÿ â 5 ðàç.
Êîíöåíòðàöèÿ ôîðìàëüäåãèäà � íåôåðìåíòàòèâíî ñøè-
âàþùåãî ðåàãåíòà, â óñëîâèÿõ ëàòèðèçìà òàêæå ñíèæàåòñÿ
íà 47 %. Òàêèì îáðàçîì, ñåìèêàðáàçèä âëèÿåò íå òîëüêî íà
àêòèâíîñòü ôåðìåíòàòèâíûõ ïðîöåññîâ îáðàçîâàíèÿ
àëüäåãèäíûõ ãðóïï íà áåëêîâîñâÿçàííîì ëèçèíå, íî è íà
ñîäåðæàíèå äðóãèõ àëüäåãèäîâ, îòâåòñòâåííûõ çà îáðàçîâàíèå
ìåæìîëåêóëÿðíûõ ñøèâîê. Äàííóþ ìîäåëü ìîæíî èñïîëü-
çîâàòü â èññëåäîâàíèÿõ âëèÿíèÿ èíãèáèòîðîâ ëèçèëîêñèäàçû
íà ñîñòîÿíèå âíåêëåòî÷íîãî ìàòðèêñà.
Êëþ÷åâûå ñëîâà: ëàòèðèçì, ñåìèêàðáàçèä, êîëëàãåí,
ëèçèëîêñèäàçà, ìåæäóìîëåêóëÿðíûå ñøèâêè, ôîðìàëü-
äåãèä.

Ò.Ò. Âîëîä³íà, Í.Ä. Äçâîíêåâè÷, Ë.Ì. Ïåòðóíü, ².Ï. Êðèñþê, Í.Ì. Ïîïîâà, Ñ.Ã. Øàíäðåíêî, Ì.Ï. Äìèòðåíêî
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T.T. Volodina, N.D. Dzvonkevich, L.M. Petrun,
I.P. Krisuk, N.N. Popova, S.G. Shandrenko,
N.P. Dmytrenko

ALTERED COLLAGENE PROPERTIES
AND LYSYL OXIDASE ACTIVITY DURING
LATHYRISM

Experiments were carried out on rats with lathyrism, which
was induced by adding semicarbazide (0.075%) into drinking
water for 45 days. The data obtained show a 30% reduction in
the body weight and an increase in.organ weight coefficients.
Semicarbazide intake led to the pelvic limb paralysis, scolio-
sis, bone tissue degradation, cartilage growth, 46% decrease of
the calcium level in the femur. It has been detected essential
structural changes in extracellular matrix based on the collagen
cross-links reduction. The activity of lysyl oxidase, a key
enzyme for the collagen development, showed 5-fold decrease
in the aorta tissues. The level of formaldehyde, a nonenzymic
cross-links developer, has been measured in the liver tissue by
the aldehyde trap (5,5-dimethylcyclohexane-1,3-dione) admin-
istration and then fluorimetric determination of formal-
dimedone. Under semicarbazide load, the formaldehyde level
in the liver tissue was reduced by 47%. Therefore,
semicarbazide influences not only the enzymic development
of aldehyde groups in collagen, but the level of other alde-
hydes, which can cause cross-links. This experimental model
of lathyrism is appropriate for investigation of the lysyl oxi-
dase inhibitors effect on extracellular matrix.
Key words: lathyrism, semicarbazide, collagen, lysyl oxidase,
cross-links, formaldehyde.

Palladin�s institute of biochemistry, National Academy of
Sciences of Ukraine, Ê³åv
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Îêñèä àçîòó, ì³îãëîá³í ³ êèñíåâèé ðåæèì êë³òèí:
äîñë³äæåííÿ íà ìàòåìàòè÷íèõ ìîäåëÿõ

Çà äîïîìîãîþ ìàòåìàòè÷íèõ ìîäåëåé äîñë³äæóâàâñÿ âïëèâ íàíîìîëÿðíèõ êîíöåíòðàö³é NO
íà êèñíåâèé ðåæèì êë³òèíè: âíóòð³øíüîêë³òèííèé ðîçïîä³ë íàïðóæåííÿ (ðÎ

2
), NO òà

øâèäêîñòåé ñïîæèâàííÿ êèñíþ (VO
2
) ïðè äèôóç³¿ NO ç ïîâåðõí³ êðîâîíîñíî¿ ñóäèíè â êë³òèíó

ç ì³îãëîá³íîì (Mb) ³ áåç íüîãî. Çã³äíî ç ðîçðàõóíêàìè, áåç Mb NO ñóòòºâî ãàëüìóº äèõàííÿ ó
âñ³é êë³òèí³. Öå ïðèçâîäèòü äî ï³äâèùåííÿ òêàíèííîãî ðÎ

2
 çà äîïîìîãîþ äîñèòü ãðóáîãî

ðåãóëþâàííÿ. Äîñë³äæåííÿ âïëèâó Mb íà êèñíåâèé ðåæèì ïîêàçàëè, ùî â³í ïîòåíö³éíî çäàòíèé
ìîäóëþâàòè éîãî. Â³äîìî, ùî Mb, äîïîìàãàþ÷è òðàíñïîðòó Î

2
, ìîæå �ïðèáèðàòè çàéâèé�

ïðè íîðìîêñ³¿ NO, çâ³ëüíÿþ÷è ì³òîõîíäð³¿ â³ä ïðèãí³÷óâàííÿ äèõàííÿ, à çà óìîâ ã³ïîêñ³¿
äåîêñèãåíîâàíèé Mb ñòàº ôàêòè÷íî ïðîäóöåíòîì NO, â³äíîâëþþ÷è í³òðèò. Ìàòåìàòè÷íå
ìîäåëþâàííÿ öèõ ÿâèù äîâåëî, ùî ï³ä âïëèâîì Mb êîíöåíòðàö³ÿ NO, à òàêîæ ðÎ

2 
ï³äâèùóþòüñÿ

ò³ëüêè â ò³é ä³ëÿíö³ êë³òèíè, äå ñïîñòåð³ãàºòüñÿ ã³ïîêñ³ÿ. Âíàñë³äîê öüîãî ïðèãí³÷åííÿ äèõàííÿ
ñòàº ëîêàëüíèì, à ã³ïîêñ³ÿ ïîñëàáëþºòüñÿ àáî çíèêàº. Ñï³ëüíî ç NO Mb ìîæå çä³éñíþâàòè
òîíêó ðåãóëÿö³þ êèñíåâîãî ðåæèìó òêàíèíè, ï³äâèùóþ÷è êë³òèííå ðÎ

2 
³ óçãîäæóþ÷è êèñíåâèé

çàïèò ç éîãî äîñòàâêîþ.
Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, îêñèä àçîòó, ì³îãëîá³í, êèñåíü, êèñíåâèé ðåæèì,
ì³îöèò.
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ÂÑÒÓÏ

Â³äîìî, ùî NO âïëèâàº íà ð³çí³ ôóíêö³¿
îðãàí³çìó, çîêðåìà íà âàçîäèëàòàö³þ é
àêòèâí³ñòü äèõàëüíîãî ëàíöþãà [1�5].
Âèñîêà éîãî êîíöåíòðàö³ÿ â êë³òèí³ ÷åðåç
íàäì³ðíå ãàëüìóâàííÿ êë³òèííîãî äèõàííÿ
ìîæå ïðèçâåñòè äî çìåíøåííÿ ñêîðîò-
ëèâîñò³  êàðä³îì³îöèò³â ³  ïîøêîäæåííÿ
òêàíèíè [1, 11]. Àëå ÿêùî êîíöåíòðàö³ÿ NO
íàáóâàº îïòèìàëüíîãî äëÿ êë³òèíè ð³âíÿ, â³í
â³ä³ãðàº ðîëü öèòîïðîòåêòîðà [1, 11, 12]. Äëÿ
ç�ÿñóâàííÿ ïàòîãåíåçó òà ë³êóâàííÿ òêàíèí-
íèõ ïîøêîäæåíü ïðè ã³ïîêñ³¿ íåîáõ³äíå
ðîçóì³ííÿ ïðèíöèï³â ôîðìóâàííÿ êèñíåâîãî
ðåæèìó êë³òèíè ï³ä âïëèâîì NO. Çã³äíî ç
äàíèìè ÷èñëåííèõ åêñïåðèìåíò³â, ñòóï³íü
ãàëüìóâàííÿ  ì³òîõîíäð³é çàëåæèòü â³ä ðÎ

2

³  êîíöåíòðàö ³ ¿  NO,  ÿêà  ó  ñâîþ ÷åðãó
ïîâ�ÿçàíà ç êîíöåíòðàö³ºþ Î

2
. Çâîðîòí³

çâ�ÿçêè ñòâîðþþòü ñêëàäíó êàðòèíó âïëèâó

Î
2
 òà NO íà êèñíåâèé ðåæèì êë³òèíè.

Îêð³ì NO, íà êèñíåâèé ðåæèì âïëèâàº
ì³îãëîá³í  (Mb) .  Ïðÿìà  éîãî  ä ³ÿ  �  öå
äåïîíóâàííÿ  òà  òðàíñïîðò  Î

2  
ó  çîíè

ã³ïîêñ³¿. Îïîñåðåäêîâàíà ä³ÿ â³äáóâàºòüñÿ
÷åðåç çâ�ÿçîê ç NO. Âñòàíîâëåíî, ùî ïðè
íîðìîêñ³¿ ðåàêö³ÿ MbO

2
 ç NO ïðîäóêóº

NO
3

- ³ òèì ñàìèì çìåíøóº öèòîçîëüíèé NO
[8, 9]. Ïðîòå ïðè ã³ïîêñ³¿ Mb âèÿâëÿº í³òðèò-
ðåäóêòàçíó àêòèâí³ñòü ³ ïåðåòâîðþºòüñÿ ç³
ñêåâåíäæåðà íà ïðîäóöåíò NO [8, 16]. Ó
âíóòð³øíüîêë³òèííîìó ñåðåäîâèù³ íàÿâí³ ³
Mb, ³ MbO

2
. Óñå öå ùå á³ëüøå óñêëàäíþº

óÿâó ïðî ôîðìóâàííÿ êèñíåâîãî ðåæèìó
êë³òèíè òà ïîòðåáóº ÿê äîïîì³æíîãî çàñîáó
äîñë³äæåííÿ ìàòåìàòè÷íîãî ìîäåëþâàííÿ
âçàºìîä³¿ ïîòîê³â Mb, O

2
 ³ NO â êë³òèí³.

Äëÿ âèâ÷åííÿ êèñíåâîãî ðåæèìó òêàíèí
òðàäèö³éíî çàñòîñîâóºòüñÿ ìàòåìàòè÷íå
ìîäåëþâàííÿ [4, 5, 14�16, 21]. Çàëèøèâøè
îñòîðîíü äîñòàòíüî âèâ÷åíó âàçîäèëàòà-
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òîðíó ä³þ NO, ìè ââàæàºìî äîö³ëüíèì
äîñë³äèòè çâ�ÿçîê ðÎ

2 
³ VO

2
 ç NO â ì³îöèò³.

Íèí³ â³äîìî áàãàòî ìîäåëåé äèôóç³¿ NO â
ñóäèíí³é ñò³íö³, â ãëàäåíüêèõ ì�ÿçàõ ³ ê³ëüêà,
äîñèòü ïðèáëèçíèõ ó òêàíèíàõ [4, 5, 16].
Çäåá³ëüøîãî âîíè â³ääçåðêàëþþòü ïëàíàð-
íó äèôóç³þ ãàç³â. Àëå ìîäåë³ òðèì³ðíî¿
äèôóç³¿ Î

2
 ³ NO â êë³òèí³ íàì íå çóñòð³-

÷àëèñÿ, ³ êîìïëåêñíó ä³þ Mb â ìîäåëÿõ
òðàíñïîðòó êèñíþ ³ NO â êë³òèí³ ïîêè ùå
íå â³äòâîðåíî.

Ìåòà íàøî¿ ðîáîòè � çà äîïîìîãîþ
ìàòåìàòè÷íîãî  ìîäåëþâàííÿ  íà  áàç ³
ë³òåðàòóðíèõ äàíèõ ðîçãëÿíóòè çàëåæí³ñòü
êèñíåâîãî ðåæèìó êë³òèíè â³ä êîíöåíòðàö³¿
NO íà ïîâåðõí³ ñóäèíè çà íàÿâíîñò³ Mb ³
áåç íüîãî, îá÷èñëèòè ðîçïîä³ë ðÎ

2
, êîíöåíò-

ðàö³¿ NO ³ øâèäêîñò³ ïîãëèíàííÿ Î
2
 ïðè

âçàºìîä³ ¿  ïîòîê ³â  Î
2
,  NO â  êë ³òèíàõ

ñêåëåòíîãî ì�ÿça àáî êàðä³îì³îöèòà.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ âïëèâó NO íà êèñíåâèé ðåæèì
òêàíèíè ïðîâîäèëè íà ðîçðîáëåí³é íàìè
ìîäåë³ îá�ºìíî¿ äèôóç³¿ Î

2
 ³ NO â ì³îöèò³

ïðè íàâàíòàæåííÿõ ð³çíî¿ ³íòåíñèâíîñò³
(ìîäåëü 1). Öÿ ìîäåëü ñòâîðåíà íà áàç³
íàøî¿ ìîäåë³ êàï³ëÿðíîãî êðîâîòîêó ³
òðèì³ðíî¿ äèôóç³¿ � ñïîæèâàííÿ Î

2 
â ì�ÿç³

[14, 15]. Â öþ ìîäåëü ââåäåíî âçàºìî-
çâ�ÿçîê NO ç Î

2
 ³ äèôóç³þ îêñèäó àçîòó

ïàðàëåëüíîãî ç äèôóç³ºþ êèñíþ.
Çã³äíî ç Thomas ³ ñï³âàâò. [21], åêñïåðè-

ìåíòàëüíî äîñë³äæåíå îêèñëåííÿ NO â
êë³òèíàõ â³äîáðàæóºòüñÿ ôîðìóëîþ (1). NO
â ñâîþ ÷åðãó âïëèâàº íà êîíöåíòðàö³þ Î

2
 â

êë³òèí³, ãàëüìóþ÷è øâèäê³ñòü éîãî ïîãëè-
íàííÿ. ×èñëåíí³ åêñïåðèìåíòè äîâîäÿòü, ùî
â ô³ç³îëîã³÷íèõ óìîâàõ íàíîìîëÿðí³ êîí-
öåíòðàö³¿ NO ìîæóòü åôåêòèâíî ä³ÿòè íà
öèòîõðîì-îêñèäàçó çà äîïîìîãîþ êîíêó-
ðåíòíîãî ãàëüìóâàííÿ ¿¿ àêòèâíîñò³ [3, 4, 11,
21]. Ôîðìóëà (2), íàâåäåíà íèæ÷å, îïèñóº
öå îáîðîòíå ãàëüìóâàííÿ [21]. Ìè âèêîðèñ-
òàëè â ìîäåë³ ôîðìóëè:

                                                (1)

                                                (2),

äå [O
2
], [NO] � êîíöåíòðàö³¿ Î

2
 ³ NO, qO

2
 �

êèñíåâèé çàïèò, K
m
=1 ìì ðò. cò. � êîíñòàíòà

Ì³õàåë³ñà äëÿ O
2
,  K

NO  
= 5,2 íìîëü/ë �

êîíñòàíòà ãàëüìóâàííÿ äëÿ NO,  k = 5,38107

ìîëü-1 . ìë . ñ-1 [3, 21].
Ìîäåëü 1 äàº çìîãó çíàõîäèòè âíóòð³ø-

íüîêë³òèííèé ðîçïîä³ë NO, ðÎ
2
 ³ VÎ

2  
ç

óðàõóâàííÿì: øâèäêîñò³ ì�ÿçîâîãî êðîâî-
òîêó (F), qO

2 
êîíöåíòðàö³¿ îêñèäó àçîòó íà

ïîâåðõí³ ñóäèíè (NO
ñ
), ðàä³óñà äèôóç³¿, R,

êîåô³ö³ºíò³â äèôóç³¿ Î
2 
³ NO â òêàíèí³ (DÎ

2

³ D
NO

 â³äïîâ³äíî) êèñíåâî¿ ºìíîñò³ êðîâ³
(ÊªÊ), âì³ñò êèñíþ â àðòåð³àëüí³é êðîâ³
(Ñ

à
). Â ìîäåëÿõ ðîçãëÿäàëîñÿ ëèøå îäíå

äæåðåëî îêñèäó àçîòó NO
ñ
. Äëÿ íàøèõ

ðîçðàõóíê³â öåé ïîêàçíèê ïåðåäáà÷àâñÿ
çàäàíèì ³  âèáèðàâñÿ  ç  ô³ç ³îëîã³÷íîãî
ä³àïàçîíó (20�50 íìîëü/ë ) [3, 21]. Ó ìîäåë³
1 áóëî âèêîðèñòàíî òàê³ çíà÷åííÿ: F=40 ìë
. õâ-1 . 100 ã-1, 1 <qO

2
< 12 ìë . õâ-1 . 100 ã-1,

R=25 ìêì, ÊªÊ=0,20, Ñ
à
 = 0,195, DÎ

2
= 1,3

10-5 ñì2 . ñ-1,
 
D

NO
 =1,33.DÎ

2
.

Äëÿ ìîäåëþâàííÿ ó÷àñò³ Mb ó òðàíñ-
ïîðò³ êèñíþ ³ NO çàñòîñîâóâàëàñÿ ìîäåëü
ïëîùèííî¿ ðàä³àëüíî¿ äèôóç³¿ Î

2
, Mb ³ NO

òà ¿õ âçàºìîîä³ÿ â ì³îöèò³ àáî â êàðä³î-
ì³îöèò³ (ìîäåëü 2). Ó ö³é ìîäåë³ ââàæàëèñÿ
çàäàíèìè êîíöåíòðàö³ÿ NO ³ ðÎ

2 
íà ïîâåðõí³

ñóäèíè: NO
ñ
=50 íìîëü/ë ³ ðÎ

2c
=25 ìì ðò.

ñò., êîíöåíòðàö³ÿ Mb � 2,8.10-7 ìîëü . ñì-3,
êîåô³ö³ºíò äèôóç³¿ Mb � 1,3 . 10 ñì2 . ñ-1,
êîíñòàíòa øâèäêîñò³ îêèñíåííÿ Mb 2,4.1010

ìîëü-1 .  ñì 3 .  ñ -1,  êîíñòàíòa øâèäêîñò³
ðîçïàäó MbO

2
 � 65 ñ-1 [16].  Â ð³âíÿíí³

äèôóç³¿ NO, øâèäê³ñòü �ïðèáèðàííÿ� NO
îêñèì³îãëîá³íîì â³äîáðàæàëè ÿê äîáóòîê
êîíöåíòðàö³é NO ³ ÌbÎ

2
, øâèäê³ñòü ïîÿ-

âè NO ïðè â³äíîâëåíí³ í³òðèòó çà ó÷àñòþ
Mb ïðèéìàëè ïðîïîðö³éíîþ éîãî êîíöåíò-
ðàö³¿.

Îêñèä àçîòó, ì³îãëîá³í ³ êèñíåâèé ðåæèì êë³òèí
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Çã³äíî ç ðîçðàõóíêàìè, ïðè Ê
m
=1 ìì ðò. ñò.

ìè îäåðæàëè çíà÷íó çàëåæí³ñòü êë³òèííîãî
äèõàííÿ ³ ðÎ

2
 â³ä NO ïðè äîñèòü íèçüêèõ

ð³âíÿõ éîãî êîíöåíòðàö³¿ (NÎ
c
 = 20 íìîëü/ë).

NO, íåçâàæàþ÷è íà íàÿâí³ñòü Î
2
, ðîçïîâ-

ñþäæóºòüñÿ ïî âñ³é êë³òèí³ òà ðóéíóºòüñÿ
ëèøå ÷àñòêîâî,  ïðèãí³÷óþ÷è äèõàííÿ
á³ëüøîþ ÷è ìåíøîþ ì³ðîþ â óñüîìó ¿¿
îá�ºì³ (ðèñ. 1). Çà ôîðìóëîþ (1) íà ñòóï³íü
ãàëüìóâàííÿ äèõàííÿ çíà÷íî âïëèâàþòü
çíà÷åííÿ Ê

m
 ³ Ê

NO
.

Íà ðèñ. 2 ïîêàçàíî, ùî âèáðàíèé ðåæèì
1<qO

2
<12 ìë . õâ-1 . 100 ã-1, F=40 ìë . õâ-1 .

100 ã-1 íå çàáåçïå÷óº ïîâíî¿ îêñèãåíàö³¿
êë³òèíè. Â öåíòð³ âîëîêíà ïðè êîíöåíòðàö³¿
NO=0 ³ñíóº çîíà,  äå ðÎ

2 
íàáëèæàºòüñÿ

òàêîæ äî 0 (äèâ. ðèñ. 2,à,á). Êë³òèííå ðÎ
2
,

ì³í³ìàëüíå ³ ñåðåäíº, çá³ëüøóºòüñÿ ïðîïîð-
ö³éíî êîíöåíòðàö³¿ NO. Íàø³ ðåçóëüòàòè
çá³ãàþòüñÿ ç äàíèìè Thomas  ³ ñï³âàâò. [21],
îòðèìàíèìè íà ãåïàòîöèòàõ ó äîñë³äæåííÿõ
in vitro ³ çà äîïîìîãîþ ìàòåìàòè÷íî¿ ìîäåë³.

Çã³äíî ç ðîçðàõóíêàìè, îñîáëèâ³ñòü
êèñíåâîãî ðåæèìó êë³òèíè � öå çíà÷íà éîãî
çàëåæí³ñòü â³ä NO ó âñüîìó  ì³îöèò³, äîêè
â ä³þ íå âñòóïàº Mb. Â³äîìî, ùî ó ñêåëåò-
íîìó ì�ÿç³ òà ì³îêàðä³ NO çì³íþº êèñíåâèé
ðåæèì [8�12, 16�21]. Â³äçíà÷àºòüñÿ, ùî Mb
âõîäèòü â ñ³ìåéñòâî ãëîá³í³â, ÿê³ âèÿâëåí³

â ïå÷³íö³, ìîçêó òà íèðêàõ [8, 19].
Ðîëü Mb ó ðåãóëÿö³¿ êèñíåâîãî ðåæèìó

êë³òèíè áàãàòîãðàííà. Â³í ïîëåãøóº äèôó-
ç³þ êèñíþ, çá³ëüøóº éîãî ïîò³ê ó òêàíèíó.
Çàâäÿêè âåëèê³é êîíöåíòðàö³¿, Mb äåïîíóº
êèñåíü ³ â³ääàº éîãî ì³òîõîíäð³ÿì â óìîâàõ
êèñíåâîãî äåô³öèòó. Âñå öå ñïðèÿº ï³äâè-
ùåííþ ðÎ

2
 âñåðåäèí³ êë³òèíè [16]. Ñó÷àñí³

äîñë ³äæåííÿ  çâ �ÿçêó  MbO
2
 ç  NO,  ùî

ïðîäóêóº ìåòì³îãëîá³í ³ í³òðàò ç ïîäàëüøèì
éîãî âèâåäåííÿì, ïîêàçàëè,  ùî Mb çà
íàÿâíîñò³ êèñíþ ÷àñòêîâî âèäàëÿº NO,
çìåíøóþ÷è çàëåæí³ñòü ì³òîõîíäð³àëüíîãî
äèõàííÿ ³ ñêîðîòëèâîñò³ êàðä³îì³îöèò³â â³ä
íüîãî. Îñê³ëüêè íàäëèøîê NO ìîæå ãàëü-
ìóâàòè àêòèâí³ñòü ì³òîõîíäð³é, Mb çàõèùàº
êë³òèíè ³ ðåãóëþº ¿õ æèòòºçäàòí³ñòü. Ðîëü
ñêåâåíäæåðà «çàéâîãî» á³îàêòèâíîãî NO â
êë³òèí³ ïðèéíÿòî ââàæàòè êðèòè÷íîþ,
êëþ÷îâîþ â ðåãóëÿö³¿ êèñíåâîãî ðåæèìó
êë³òèíè [9]. Ïðîòå ïðè íåäîñòà÷³ êèñíþ Mb
ìîæå íàâïàêè ïåðåòâîðþâàòèñÿ ç³ ñêåâåíä-
æåðà NO â éîãî ïðîäóöåíòà ïðè â³äíîâëåíí³
í³òðèòó òêàíèíè äî NO [17, 18].

Ìè ñïðîáóâàëè ìàòåìàòè÷íî çìîäå-
ëþâàòè òðàíñïîðò ³ ñïîæèâàííÿ êèñíþ â
òêàíèí³, äèôóç³þ Mb ³ NO â óìîâàõ íàâàíòà-
æåííÿ ïðè qO

2
= 12 ìë .  õâ -1 .  100 ã -1,

êîðèñòó þ÷èñü  ìîäåëëþ 2 .  Íà  ðèñ .3  ó
â³äíîñíèõ îäèíèöÿõ çîáðàæåí³ ðîçðàõîâàí³

à á â

0

40

80

6

pO2, ìì ðò.ñò.

2

1

241812 6 241812 6 241812 ìêì

2

1 2

1

0,6

0,8

1,0
NO, â³äí.îä. VO2, â³äí.îä.

0,5

0,6

0,7

Ðèñ. 1. Ðàä³àëüí³ ãðàä³ºíòè ðÎ
2 

 (à), NO (á) ³ VO
2 

(â) íàâêîëî àðòåð³àëüíèõ (1) ³ âåíîçíèõ (2) ê³íö³â ñóäèí ïðè
íàâàíòàæåíí³ qO

2 
= 5 ìë . õâ-1 . 100 ã-1, NO

ñ 
= 20 íìîëü/ë. Çà â³ññþ àáñöèñ � â³äñòàíü ó ì³êðîìåòðàõ â³ä ïîâåðõí³

ñóäèíè âçäîâæ ðàä³óñà ì³îöèòà

Ê.Ã. Ëÿáàõ
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Îêñèä àçîòó, ì³îãëîá³í ³ êèñíåâèé ðåæèì êë³òèí

ãðàä³ºíòè ðÎ
2
, VO

2
, NO ³ ÌbÎ

2
 óçäîâæ

ðàä³óñà äèôóç³¿ â³ä ïîâåðõí³ ñóäèíè óãëèá
êë³òèíè. Ïîð³âíþþòüñÿ òðè âèïàäêè: à)
êèñíåâèé ðåæèì âèçíà÷àº äèôóç³ÿ NO ³
êèñíþ, Mb â³äñóòí³é; á) çà òèõ ñàìèõ óìîâ
ó ìîäåë³ äîäàíà ä³ÿ Mb ÿê ñêåâåíäæåðà
NO, òîáòî îêñèäàçè, ÿêùî êèñíþ äîñòàò-
íüî; â) çà òèõ ñàìèõ óìîâ ïåðåäáà÷åíî, ùî
Mb â³ä³ãðàº ðîëü íå ò³ëüêè éîãî ñêåâåíä-
æåðà, à ³ éîãî ïðîäóöåíòà NO ïðè ã³ïîêñ³¿.
Ó öüîìó ðàç³ Mb ä³º ÿê í³òðèòðåäóêòàçà.
Ïðè â³äñóòíîñò³ Mb (ðèñ. 3,à), îêñèä àçîòó
³ñòîòíî ïðèãí³÷óº àêòèâí³ñòü ì³òîõîíäð³é ó
âñ³é êë³òèí³. Â óìîâàõ ã³ïîêñ³¿ â �ìåðòâîìó
êóòêó�, íåçâàæàþ÷è íà çíà÷íå ïðèãí³÷åííÿ
äèõàííÿ ,  ðÎ

2
 âèÿâëÿºòüñÿ  íèæ÷èì çà

êðèòè÷íèé ð³âåíü ³ ñÿãàº 1,2 ìì ðò. ñò.
Ñåðåäíÿ øâèäê³ñòü ñïîæèâàííÿ êèñíþ
ñòàíîâèòü ëèøå 20 % â³ä êèñíåâîãî çàïèòó.
Íàäàë³ Mb �ïðèáèðàº� NO ìàéæå âñþäè
(äèâ. ðèñ. 3,á). Âíàñë³äîê öüîãî âïëèâ NO
íà øâèäê³ñòü ñïîæèâàííÿ êèñíþ çíà÷íî
ñëàáøàº. Àëå ïðè âèáðàíèõ çíà÷åííÿõ qO

2

³ ðÎ
2ñ

 êîíöåíòðàö³ÿ êèñíþ â òî÷êàõ íàéã³ð-
øîãî ïîñòà÷àííÿ íèçüêà, òàì ðÎ

2
 ñòàíîâèòü

1,1 ìì ðò. ñò.,  òîìó ñåðåäíÿ øâèäê³ñòü
ñïîæèâàííÿ Î

2
 çìåíøåíà äî 52 %. Ïðèãí³-

÷åííÿ äèõàííÿ â³äáóâàºòüñÿ â îñíîâíîìó íå
÷åðåç NO, à çàâäÿêè ëîêàëüí³é ã³ïîêñ³¿ �
ã³ïîêñ³¿ íàâàíòàæåííÿ. Éìîâ³ðíî, â îáîõ
ðîçãëÿíóòèõ âèïàäêàõ ó çîí³ ã³ïîêñ³¿ ïðîäó-

Ðèñ. 2. Âïëèâ NO
ñ
 íà êèñíåâèé ðåæèì ì�ÿçîâîãî âîëîêíà çàëåæíî â³ä êèñíåâîãî çàïèòó qO

2
: ñåðåäíº (à), ì³í³ìàëüíå

(á), íàïðóæåííÿ êèñíþ òà øâèäê³ñòü éîãî ïîãëèíàííÿ (â) â êë³òèí³. Íàä êðèâèìè çíà÷åííÿ NO
ñ
 ó íàíîìîëÿõ íà 1 ë

ïðè F = 40 ìë . õâ-1 . 100 ã-1

à á â
2

10

30

6

pñåð.O2

0

60

70

50

10 6 10 62 102

10

30

50

VO2

1

2

3

30 40

qO2 qO2

pñåð.O2

4

5

qO2,ìë.õâ-1.100 ã-1

0

60

30
40

0

60

20

40

à á â
4 12 20

0,2

0,4

0,6

0,8

VO2

pO2

1,0

NO

VO
2

pO2

NO

MbO
2 VO2

pO2

NO

MbO2

0,2

0,4

0,6

0,8

1,0

0,2

0,4

0,6

0,8

1,0

4 12 20 4 12 20 ìêì

Ðèñ. 3. Ãðàä³ºíòè ïîêàçíèê³â ó ì³îöèò³ (êàðä³îì³îöèò³) âçäîâæ ðàä³óña äèôóç³¿ (ó â³äíîñíèõ îäèíèöÿõ): ðÎ
2
, îêñèäó

àçîòó, îêñèì³îãëîá³íó, à òàêîæ VO
2 
çàëåæíî â³ä âïëèâó ì³îãëîá³íó: à � áåç ì³îãëîá³íó, á � ä³ÿ ì³îãëîá³íó ÿê ñêåâåíäæåðà

NO, â) ä³ÿ ì³îãëîá³íó ÿê ñêåâåíäæåðà àáî ÿê ïðîäóöåíòà çàëåæíî â³ä â³ääàëåíîñò³ äæåðåëà êèñíþ. Çà â³ññþ àáñöèñ
� â³äñòàíü r â ì³êðîìåòðàõ â³ä ïîâåðõí³ ñóäèíè (ïîÿñíåííÿ â òåêñò³)
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êóþòüñÿ ðåàêòèâí³ ôîðìè êèñíþ. Àëå ÿêùî
Mb ïîâîäèòüñÿ ÿê îêñèäàçà ïðè íàäëèøêó
êèñíþ ³  ÿê  í ³òðèòðåäóêòàçà  ïðè éîãî
íåäîñòà÷³ (äèâ. ðèñ. 3,â), êèñíåâèé ðåæèì
çì³íþºòüñÿ íà êðàùå. Îñîáëèâî â³äçíà÷èìî
�äîö³ëüí³ñòü� ä³¿ ïðèðîäíèõ ðåãóëÿòîð³â �
Mb ³ NO. Ñåðåäíÿ øâèäê³ñòü ïîãëèíàííÿ
êèñíþ ñòàíîâèòü 40 % â³ä êèñíåâîãî çàïèòó.
Ì³òîõîíäð³àëüíå  äèõàííÿ çíèæóºòüñÿ
ëîêàëüíî, çàâäÿêè çá³ëüøåííþ êîíöåíòðàö³¿
NO â çîí³ ã³ïîêñ³¿, ùî ñïðèÿº çðîñòàííþ
ðÎ

2
. Òàê, çàâäÿêè ãàëüìóâàííþ ñïîæèâàííÿ

êèñíþ â ì³ñöÿõ íàéã³ðøîãî ïîñòà÷àííÿ, ðÎ
2

ï³äâèùóºòüñÿ äî 3 ìì ðò. ñò., âíàñë³äîê
÷îãî ìàº ïîñëàáøàòè íàäëèøêîâà ïðîäóêö³ÿ
ðåàêòèâíèõ ôîðì êèñíþ. Îêñèãåíîâàíèé
Mb �ïðèáèðàº� çàéâèé NO íàâêîëî ñóäèíè,
äåîêñèãåíîâàíèé Mb âñåðåäèí³ êë³òèíè ä³º
ÿê äæåðåëî NO � «äîäàº» éîãî â ã³ïîêñè÷-
íèõ ä³ëÿíêàõ, çíèæóþ÷è òàì VO

2
 ³ ï³äâè-

ùóþ÷è òêàíèííå ðÎ
2
. Òîáòî, ÿêùî í³ÿêèì

÷èíîì íå  ìîæíà  äîñòàâèòè  ïîòð ³áíó
ê³ëüê³ñòü êèñíþ â êë³òèíó, Mb çìåíøóº éîãî
ñïîæèâàííÿ, ùîá óíèêíóòè îêñèäàòèâíîãî
ñòðå ñó  [7 ] .  Â ³äáó âàºòüñÿ  óçãîäæåííÿ
øâèäêîñò³ äîñòàâêè ³ ñïîæèâàííÿ Î

2
. Îòæå,

ïðè çáàëàíñîâàíîñò³ êîíöåíòðàö³é ðåàãåí-
ò³â-ó÷àñíèê³â òðàíñïîðòó êèñíþ â òêàíèí³
Mb ïîòåíö³éíî çäàòíèé âåëüìè äåë³êàòíî
ðåãóëþâàòè êë³òèííèé ãîìåîñòàç Î

2
 (VO

2
 ³

pO
2
), êîíöåíòðàö³¿ ðåàêòèâíèõ ôîðì êèñíþ

³ NÎ. Ìè ââàæàºìî, ùî òàê³ ñàì³ ðåçóëüòàòè
áóëè á îäåðæàí³ ïðè ìîäåëþâàíí³ ³íøèõ
äæåðåë NO ïðè ïðîäóêö³¿ îêñèäó àçîòó ç
ó÷àñòþ ð³çíèõ NO-ñèíòàç. Çàëåæíî â³ä
ê³ëüê³ñíèõ çíà÷åíü êîíöåíòðàö³é ðåàãåíò³â,
ê³íåòè÷íèõ êîíñòàíò, à òàêîæ ì³ñöÿ ïîÿâè
NO â òêàíèí³, ôîðìà êðèâî¿ ³ ñï³ââ³äíîøåííÿ
ôàç éîãî çíèæåííÿ ³ çðîñòàííÿ (äèâ. ðèñ.
3,â) â³äð³çíÿòèìóòüñÿ, àëå ñóòü ëîêàëüíîãî
âïëèâó äîíîðà NO íà êèñíåâèé ðåæèì ïðè
ã³ïîêñ³¿ çáåðåæåòüñÿ.

Ðåçóëüòàòè ìàòåìàòè÷íîãî ìîäåëþâàí-
íÿ â³äïîâ³äàþòü ³äåÿì â³äíîñíî ìîæëèâî¿
ðîë³ Mb ó ðåãóëÿö³¿ òêàíèííîãî á³îõ³ì³÷íîãî
ãåìåîñòàçó. Îñòàíí³ì ÷àñîì éîãî âïëèâ íà

êîíöåíòðàö³þ îêñèäó àçîòó  ³  êèñíåâå
ïîñòà÷àííÿ òêàíèí ³íòåíñèâíî âèâ÷àºòüñÿ
íà òðàíñãåííèõ ³ áåçïîðîäíèõ ìèøàõ. Íàø³
âèñíîâêè çá³ãàþòüñÿ  ç  ë ³òåðàòóðíèìè
äàíèìè [6�10, 17�20]. ßêùî â åêñïåðè-
ìåíòàõ íà òâàðèíàõ ðîçãëÿäàþòüñÿ óñåðåä-
íåí³ ïîêàçíèêè êèñíåâîãî ðåæèìó òêàíèíè,
òî ìè îòðèìàëè âíóòð³øíüîêë³òèííèé ¿õ
ðîçïîä³ë. Îäåðæàí³ ðåçóëüòàòè ñë³ä ðîçãëÿ-
äàòè ëèøå ÿê îð³ºíòîâí³, ÿê³ñí³, îñê³ëüêè
áàãàòî îñîáëèâîñòåé âçàºìîä³¿ Mb ³ NÎ
ïîêè ùå íå âðàõîâàíî. Íàïðèêëàä, ñë³ä
çíàòè ðîçïîä³ë êîíöåíòðàö³é í³òðèòó â
òêàíèí³ ,  à  òàêîæ áàæàíî çìîäåëþâàòè
ïåðåòâîðåííÿ ïðîì³æíîãî ç�ºäíàííÿ �
ìåòì³îãëîá³íó ç óðàõóâàííÿì ê³íåòè÷íèõ
êîíñòàíò, ùîá ìàòè ïðàâî ç óïåâíåí³ñòþ
ïåðåéòè äî àíàë³çó  êîíêðåòíèõ ô³ç³îëî-
ã³÷íèõ ñèòóàö³é.

Âèêîíàí³  ðîçðàõóíêè  äàþòü  çìîãó
çðîáèòè ïðèïóùåííÿ, ùî ñåðåä âåëèêî¿
ê³ëüêîñò³ ðåãóëÿòîð³â êèñíåâîãî ðåæèìó ä³ÿ
NO ³  Mb,  ÿêó  ìè  ìîäåëþâàëè ,  ìîæå
ðîçãëÿäàòèñÿ ÿê îäíå ç âàæëèâèõ äæåðåë
ôîðìóâàííÿ íàëåæíèõ ô³ç³îëîã³÷íèõ óìîâ
ñïîæèâàííÿ êèñíþ â êë³òèí³. Éìîâ³ðíî, ç
öèì ïîâ�ÿçàíèé êàðä³îïðîòåêòîðíèé âïëèâ
NO ³ í³òðèòó � äîíîðà NO ïðè ³øåì³¿-
ðåïåðôóç³ ¿  ì³îêàðäà  [6 ,  10�13] .  Íàø³
ðîçðàõóíêè áóäóòü êîðèñí³ äëÿ ðîçóì³ííÿ ³
óòî÷íåííÿ ìåõàí³çìó ¿õ âïëèâó íà åíåðãå-
òèêó êë³òèí.

ÂÈÑÍÎÂÊÈ

Àíàë³ç òðàíñïîðòó êèñíþ â òêàíèí³  ç
ïîñò³éíèì äæåðåëîì NO íà ïîâåðõí³ ñóäèíè
äîâ³â, ùî îñòàíí³é ðåãóëþº êèñíåâèé ðåæèì
êë³òèíè äîñèòü ãðóáî: ïðèãí³÷óâàííÿ ì³òî-
õîíäð³àëüíîãî äèõàííÿ â³äáóâàºòüñÿ ó âñ³é
êë³òèí³ .  Òàêó ö³íó êë³òèíà ñïëà÷óº çà
ï³äâèùåííÿ ðÎ

2
 ïðè ã³ïîêñ³¿ .  Çã³äíî ç

ðîçðàõóíêàìè, Mb ïîòåíö³éíî çäàòíèé
ìîäóëþâàòè âïëèâ NO íà êèñíåâèé ðåæèì
êë³òèíè. Â³í ä³º ÿê ñêåâåíäæåð NO ó ò³é
÷àñòèí³  êë³òèíè,  äå  º  íîðìîêñ³ÿ ,  ³  ÿê

Ê.Ã. Ëÿáàõ
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ïðîäóöåíò NO çà óìîâ ã³ïîêñ³¿. Mb âïëèâàº
íà êë³òèííó êîíöåíòðàö³þ NO ëîêàëüíî ³
ñï³ëüíî ç NO ìîæå çì³íþâàòè ³ øâèäê³ñòü
ïîãëèíàííÿ Î

2
, ³ êë³òèííå ðÎ

2
 � çä³éñíþâàòè

òîíêó ðåãóëÿö³þ êèñíåâîãî ðåæèìó òêàíè-
íè, ï³äâèùóþ÷è ¿¿ ðÎ

2
 ³ óçãîäæóþ÷è ñïîæè-

âàííÿ êèñíþ ç éîãî äîñòàâêîþ.

Å.Ã. Ëÿáàõ

ÎÊÑÈÄ ÀÇÎÒÀ, ÌÈÎÃËÎÁÈÍ
È ÊÈÑËÎÐÎÄÍÛÉ ÐÅÆÈÌ ÊËÅÒÊÈ

Èññëåäîâàëîñü âëèÿíèå íàíîìîëÿðíûõ êîíöåíòðàöèé
îêñèäà àçîòà íà êèñëîðîäíûé ðåæèì ìûøå÷íîé êëåòêè. Ñ
ïîìîùüþ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ äèôôóçèè-
ðåàêöèè êèñëîðîäà, îêñèäà àçîòà è ìèîãëîáèíà (Mb)
ðàññ÷èòûâàëèñü âíóòðèêëåòî÷íîå ðàñïðåäåëåíèå ñêîðîñòåé
ïîòðåáëåíèÿ Î

2
, ðÎ

2
, êîíöåíòðàöèé NO è Mb ïðè

äèôôóçèè NO ñ ïîâåðõíîñòè êðîâåíîñíîãî ñîñóäà â òêàíü.
Ñîãëàñíî ðàñ÷åòàì, â îòñóòñòâèå Mb NO ãðóáî ðåãóëèðóåò
êèñëîðîäíûé ðåæèì êëåòêè, óâåëè÷èâàÿ åå ðÎ

2
 ïóòåì

èíãèáèðîâàíèÿ òêàíåâîãî äûõàíèÿ âî âñåì îáúåìå êëåòêè.
Ïðèñóòñòâèå Mb ñïîñîáíî ìîäóëèðîâàòü ýòî âëèÿíèå.
Ïîìîãàÿ òðàíñïîðòó Î

2 
â êëåòêå, Mb ìîæåò äåéñòâîâàòü

åùå è êàê ñêåâåíäæåð NO ïðè íîðìîêñèè è êàê åãî
ïðîäóöåíò ïðè ãèïîêñèè. Îí ëîêàëüíî èçìåíÿåò êîíöåíò-
ðàöèþ NO è, ñîîòâåòñòâåííî, ïîäàâëÿåò êëåòî÷íîå äûõàíèå,
ïîâûøàÿ òåì ñàìûì ðÎ

2
. Ñîâìåñòíî ñ NO Mb ñïîñîáåí

òîíêî ðåãóëèðîâàòü êèñëîðîäíûé ðåæèì ìûøö, óâåëè-
÷èâàÿ òêàíåâîå ðÎ

2
 è óñòðàíÿÿ íåñîîòâåòñòâèå ìåæäó

ïîòðåáëåíèåì êèñëîðîäà åãî äîñòàâêîé.
Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, îêñèä
àçîòà, ìèîãëîáèí, êèñëîðîä, êèñëîðîäíûé ðåæèì, ìèîöèò.

K.G .Lyabakh

NITRIC OXIDE, MYOGLOBIN
AND CELL OXYGEN REGIMEN

The influence of nanomolar concentrations of NO on oxygen
regimen of muscle cells was investigated. The intracellular dis-
tribution of oxygen consumption rates, pO

2
, NO and myoglo-

bin was calculated by mathematical modeling of diffusion
reactions of O

2
, NO and myoglobin in the muscle cell. The

diffusion of O
2
 and NO from blood vessel surface into cell was

taken into account. According to calculations, NO roughly
regulates the oxygen regimen of cell, because it increases the
tissue pO

2
 level by inhibition of mitochondria activity in the

whole cell space. The presence of myoglobin is capable poten-
tially to modulate the influence of NO on oxygen regimen.
Myoglobin not only contributes to tissue O

2
 supply, but it

can locally affect the NO concentration. Acting as an NO
scavenger under normoxia and as an NO producer under hy-
poxia, myoglobin together with NO can provide fine adjust-

ment of muscle oxygen regimen via an increase in tissue pO
2

and elimination a mismatch between oxygen supply and de-
mand.
Key words: mathematical modeling, nitric oxide, myoglobin,
oxygen, oxygen regimen, myocite.
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V.A. Maisky

My first 20 years in Neuroscience

Ó 60-ò³ ðîêè ÕÕ ñòîë³òòÿ àêàä. Ïëàòîíîì Ãðèãîðîâè÷åì Êîñòþêîì òà éîãî ñï³âðîá³òíèêàìè
îòðèìàí³ ³íòðèãóþ÷³ íåéðîô³ç³îëîã³÷í³ äàí³, ùî ïîòåíö³àëè ä³¿ (ÏÄ), ÿê³ ðåºñòðóþòüñÿ ïðè
âíóòð³øíüîêë³òèííîìó â³äâåäåíí³ (â åêñïåðèìåíòàõ in vitro) çà äîïîìîãîþ ì³êðîåëåêòðîä³â
ïðè ïðÿì³é äåïîëÿðèçàö³¿ ã³ãàíòñüêèõ íåéðîí³â ó ð³çíèõ âèä³â ìîëþñê³â, âèÿâëÿþòü ð³çíó
÷óòëèâ³ñòü äî çì³íè ³îííîãî ñêëàäó ðîç÷èí³â. Áóëî âñòàíîâëåíî, ùî ó ã³ãàíòñüêèõ íåéðîíàõ
âèíîãðàäíîãî ñëèìàêà (Helix) ãåíåðàö³ÿ ÏÄ äîáðå ï³äòðèìóºòüñÿ ïðÿìèì åëåêòðè÷íèì
ïîäðàçíåííÿì ìåìáðàíè ó ðîç÷èíàõ áåç ³îí³â íàòð³þ ³ ç âèñîêîþ êîíöåíòðàö³ºþ ³îí³â êàëüö³þ
àáî ³îí³â áàð³þ. Àìïë³òóäà ÏÄ ³ ïèòîìèé îï³ð ìåìáðàíè çðîñòàþòü ó ë³í³éí³é çàëåæíîñò³ â³ä
ëîãàðèôìó êîíöåíòðàö³¿ Ca2+ àáî Ba2+. Çá³ëüøåííÿ âì³ñòó Ba2+ ó ðîç÷èí³ ïðèçâîäèòü äî ïîÿâè
ïîäîâæåíèõ ÏÄ íà ïðÿìå âíóòð³øíüîêë³òèííå ïîäðàçíåííÿ ã³ãàíòñüêèõ íåéðîí³â Helix. Òàêîæ
áóëî âñòàíîâëåíî (1962�1963), ùî íà â³äì³íó â³ä ìîëþñêà Helix, ã³ãàíòñüê³ íåéðîíè ëåãåíåâèõ
ìîëþñê³â Planorbis i Limnea âòðà÷àþòü ìîæëèâ³ñòü ãåíåðóâàòè ÏÄ ó ðîç÷èí³, â ÿêîìó â³äñóòí³
³îíè íàòð³þ.

Íà ïî÷àòêó 70-õ ðîê³â ÕÕ ñòîë³òòÿ ó÷íåì Ï.Ã. Êîñòþêà (Â.Î. Ìàéñüêèì) ó â³ää³ë³ àíàòîì³¿
Ðîòòåðäàìñüêîãî óí³âåðñèòåòó (Ãîëëàíä³ÿ) âèâ÷àâñÿ ðåòðîãðàäíèé àêñîííèé òðàíñïîðò
ïåðîêñèäàçè ³ç õðîíó (ÏÕ) â³ä ñïèííîãî ìîçêó äî íåéðîí³â ð³çíèõ ñòðóêòóð ñòîâáóðà ìîçêó ó
ê³øêè. Öèìè íåéðîàíàòîì³÷íèìè äîñë³äæåííÿìè êåðóâàâ â³äîìèé â÷åíèé, ïðîô. Ãåíð³êóñ
Êóéïåðñ. ßê ³ ïåðåäáà÷àëîñÿ ðàí³øå, ì³÷åí³ íåéðîíè âèÿâëÿëèñÿ ó ðåòèêóëÿðí³é ôîðìàö³¿,
âåñòèáóëÿðíèõ ÿäðàõ, à òàêîæ ó ÷åðâîíîìó ÿäð³. Âïåðøå áóëî ïîêàçàíî, ùî ââåäåíà ó ð³çí³
ñåãìåíòè ñïèííîãî ìîçêó ÏÕ ðåòðîãðàäíî òðàíñïîðòóºòüñÿ ïî óøêîäæåíèõ àêñîíàõ äî
íåéðîí³â áëàêèòíî¿ ïëÿìè (Locus coeruleus, subcoeruleus) ³ äî ïðèøëóíêîâî¿ ä³ëÿíêè
ã³ïîòàëàìóñà � ïàðàâåíòðèêóëÿðíîãî ÿäðà. Òàêèì ÷èíîì, ó 1975 ð. âïåðøå áóëî â³äêðèòî ó
ìîçêó ê³øîê ã³ïîòàëàìî-ñï³íàëüíó íåéðîííó ñèñòåìó (Kuypers a. Maisky, 1975). Ò³ëüêè ÷åðåç
ð³ê ó ÑØÀ ö³ äàí³ áóëè ï³äòâåðäæåí³ íà ùóðàõ (Saper et al.,1976). Íà äðóãîìó åòàï³
íåéðîàíàòîì³÷íèõ åêñïåðèìåíò³â ç ÷èñëåííèìè ïîøêîäæåííÿìè ñïèííîãî ìîçêó ó ê³øîê áóëè
âñòàíîâëåí³ êàíàòèêîâ³ òðàºêòîð³¿ íèçõ³äíèõ ñóïðàñï³íàëüíèõ øëÿõ³â. Ïîêàçàíî, ùî ïðÿì³
øëÿõè â³ä ïàðàâåíòðèêóëÿðíîãî ÿäðà ã³ïîòàëàìóñà ñïóñêàþòüñÿ ó ñïèííîìó ìîçêó ó ñêëàä³
ëàòåðàëüíèõ êàíàòèê³â, ³ïñèëàòåðàëüíî (Kuypers a. Maisky, 1977).

About author. DSc. Vladimir A. Maisky is
well-known scientist in field of neurophysiol-
ogy and neuroanatomy. Together with his
teachers and colleagues he has obtained for
the first time the important data about ultra-
structural organization of the propriospinal
projections in spinal cord (in co-authorship
with Acad. Platon Grygorovych Kostyuk,
Brain Res., 1972), axonal transport of horse

©  V.A. Maisky

radish peroxidase and fluorescent substances
in the brain (Acad. F.N. Serkov, Dokl. AN
USSR, 1984), organization of hypothalamic
and spinal serotonergic projections (Acad.
V.N. Kazakov, Neuroscience,  1993), c-fos
expression and NOS activity in the brain in
animal model of Parkinson�s disease (Corr.
Member V.F. Sagach, Parkinson. Relat. Dis-
ord., 2002), distribution of NO-generating



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 77

neurons in the cardiovascular centers of the
brain (Acad. A.A. Moibenko, Comp. Bio-
chem. and Physiol., 2003), c-fos expression
in the brain induced by muscle fatigue (Acad.
V.M. Moroz, Fiziol. Zh., 2006). In 1975�1976
DSc. V.A. Maisky worked (using IBRO/
UNESCO fellowship) in the Department of
Anatomy, Erasmus University (Rotterdam, the
Netherlands) headed by the famous neu-
roanatomist Professor H. Kuypers. Prof. H.
Kuypers together with DSc. V.A. Maisky
found for the first time the existence of the
straight pathways from hypothalamus to spi-
nal cord. The obtained data were published in
leading scientific journals (Neurosci. Lett.,
1975; Brain Res., 1977).

In this issue of our journal, we publish an
assai by DSc. V.A. Maisky dedicated to the
memory of Acad. Platon G. Kostyuk (August
20, 1924 � May 10, 2010), the first teacher of
the author. This literary composition also deals
with scientific interests his two other great
teachers and his colleagues during the period
of neuroscience revolution of the 1960s and
the 1970s (Ed.).

1. The search for truth through the micro-
electrode tip (1960�1970)

Within the first 10 years, we focused on the
search for novel biophysical approaches in
order to gain a clear insight into the function-
ing of individual nerve cells. We all, young
associates from the Lab. of General Physiol-
ogy of the Nervous System (GPNS) headed
by P.G. Kostyuk, were filled with awe when
we read scientific papers by A. Hodgkin, B.
Katz, and J. Eccles. I was the second post-
graduate student of young DSc. P.G. Kostyuk,
and naturally I worked under his guidance.
We still value in our hearts the recollection of
this beautiful time, so nicely expressed by the
words of this song:

�How we once young were,
                         �Êàê ìîëîäû ìû áûëè,

How we once young were,
                         Êàê ìîëîäû ìû áûëè,

How loved sincerely,
                          Êàê èñêðåííå ëþáèëè,

How had faith in oneself!�
                         Êàê âåðèëè â ñåáÿ!�
                           (Original text in Russian)

(Music by A.N. Pakhmutova, poetry by N.N. Dob-
ronravov. Ed)

I kept firmly in my mind the gospel truth:
�If I have been able to see further, it was only
because I stood on the shoulders of giants�
(Sir Isaac Newton, Letter to Robert Hook.
Ed.). I am paraphrasing it as follows: �To be
able to see further, it is rather necessary for
us, postgraduate students, to stand on the
shoulders of our great teacher!� In 1961, my
chief and mentor has come back from Aus-
tralia (he had a long duty journey to the
University of Canberra, the Dept. of Physiol-
ogy) where Prof. J. Eccles opened him the
secret doors to the mysteries of the nerve cell.
It is obvious that 1962 was the period of tri-
umph of my chief. In this year, he published
scientific articles in co-authorship with J.
Eccles and T. Araki, as well as the first paper
in Nature. This was Kostyuk�s glorious vic-
tory, and also a victory for our Lab. Then, the
Lab. was reorganized in the Dept. of GPNS.
At that time, we all made only the first steps
towards the disclosure of the truth of func-
tioning of the nerve cell and its membrane.
My University education is in radiophysics. I
became a biophysics under the influence of
my first chief. When I began postgraduate
course, I already possessed professional skills
necessary for operating and maintenance of
radar stations. I also was strong in higher
mathematics, since several years earlier I
graduated from the Kyiv Polytechnic Institute.
My skills were very useful for my studies
carried out in the Dept. of GPNS. At that time,
in the early 1960s, we were up against a dif-
ficult problem. Our boss set a task before us:
as soon as possible (during one year), we must
create a complex of electronic equipment for
biophysical studies of the ionic processes oc-
curring at  the surface membranes of the
nerve cells using glass microelectrodes. We

V.A. Maisky
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also must develop reliable method for intrac-
ellular stimulation of the studied neurons,
acoustic control, and recording electrical
responses of the neurons to applied stimula-
tion. We had no the slightest idea where we
can purchase all necessary equipment for such
a complex task and where we can find animals
having giant nerve cells. The Directorate of
the Bogomoletz Institute of Physiology, and
Military District in Kyiv gave us a helping
hand. For our Dept., I managed to get four
radar stations which were unregistered in mili-
tary units. At that time, such help was a ma-
jor contribution to the realization of the
projects of our chief. In 1961, B.Ya. Pyati-
gorskii, V.D. Gerasimov, and I invested the
part of our modest salaries in the purchase of
additional electronic components to build
necessary special transformers. Using the
following Ukrainian idiom (a novel Soviet
watchword) popular at that time, I can say
that indeed we all worked together under this
comic, but not horrifying, slogan:

�We don�t want the sun if the Party pro-
vides light!

We don�t want the bread! Give us hard
work and full-time job!�

�Íàì ñîíöÿ íå òðåáà � íàì ïàðò³ÿ ñâ³òèòü!
Íàì õë³áà íå òðåáà � ðîáîòó äàâàé!�
(Original text in Ukrainian)
A set of devices for electrophysiological

investigations (�3V trend brand�) was devel-
oped and made already in 1962 due to efforts
of V. Pyatigorskii (Vilya, alias Benya), and
two Vladimirs, V. Gerasimov and V. Maisky.
In this year, we successfully used the 3V set
in biophysical studies. Later on (in 1965), we
described the 3V equipment in our paper pub-
lished in Fiziol. Zh. (Kyiv). It seems impos-
sible that the 3V set, after quite a number of
modificat ions is  s t i l l  used by PhD V.D.
Gerasimov in his biophysical studies carried
out in the Dept. of Physic-Chemical Biology
of Cellular Membranes (PCBCM). Unfor-
tunately, DSc. B.Ya. Pyatigorskii, one of de-
velopers of this 3V set, passed away long ago.

At the same time, our chief initiated in our
Dept. electrophysiological studies on the cat
spinal cord; these investigations were under
his patronage. He always corrected out work
schedule in accordance with the data reported
in current scientific literature (published in
German, French, or English) and their further
careful analysis.

I believe that our boss as one may say was
inductive thinker. During the next years his
image in the world science was grooving to-
gether with extensive career grows that has
great impact on his first postgraduate students.
He gave us scant personal attention. How-
ever, at that time, in spring and summer of
1962 and 1963, V.D. Gerasimov, B.Ya. Pya-
tigorskii, and I, as well as other associates of
our Dept. were joyfully running bare-foot
rather frequently (while the morning dew was
on  the  g round)  a round  modes t  co t t age
(�dacha�) of our teacher (33 km from Kyiv)
gathering in gardens, ponds, and small lakes
pulmonary mollusks Helix pomatia, Limnea
stagnalis, and Planorbis corneus.  We al-
ready knew that �giant neurons� (200 µm in
diameter) are localized in subpharyngeal gan-
glia in these �the creations of God.� We sa-
credly worshipped these animals. One day our
convivial intercourse in the Dept. was unex-
pectedly interrupted by graduate student
D.A. Vasilenko, who swallowed a whole big
live Helix pomatia with no shell, followed by
the small glass of vodka, and read us a short
lecture about the utility of mucus and the pro-
tein hemocyanine of the Helix �blue blood�
for the human stomach. It should be noted
that, due to superficial localization of giant
neurons in the ganglia of these mollusks, it
was  poss ib le  to  rapid ly  change the  ion
composition of the medium around the stud-
ied neuron. In addition, since these neurons
are huge, we could impale them with two mi-
croelectrodes, without any damage the cell�s
membrane .  We a l so  cou ld  po la r ize  the
membrane and record the electrical activity
from the neuron during many hours.
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Intriguing facts were obtained in the first
electrophysiological investigations [1, 2] that
the action potentials (APs) produced by di-
rect depolarization of the cell membrane in
different species of mollusks showed specific
dependence on the external ionic composition.
In Helix neurons, the generation of AP was
well maintained in sodium-free solutions with
high calcium or barium content (fig. 1, a�h).
In such case the amplitude of the spike over-
shoot was linearly related to the logarithm of
calcium concentration. It is interesting that the
increase in the external calcium or barium ions
decreased the conductance of the resting
membrane (R

o
) also in linear relation to the

logarithm of Ca2+ or Ba2+ concentration. It
was found for the first time that addition of
Ba2+ to the external solution produced in the
neurons well-developed prolonged (pro-
tracted) APs in all cases. On the contrary, the
excitability of Planorbis and Limnea neurons

was rapidly (during 3 min) and reversibly de-
pressed in sodium-free solutions (fig. 1, i�p).

Later on, my chief has proposed me more
complex problem, namely, to use mathematical
apparatus from the �cable theory� (mathe-
matical modeling of spreading electrotonic
potentials (EPs) along giant axons of squid,
Hodgkin � Rushton, 1946) in order to predict
the biophysical characteristics of individual
muscle fibers (m. sartorius) of frog in vitro
experiments on the effects of the changes in
composition of the external solution. Within
the framework of this theory, the following
partial differential equation was proposed:

  ,

where λ is the first coefficient of attenuation
of the amplitude of EP (V) along the cable
expressed in terms of specific resistance of
the axoplasm (sarcoplasm) (Ri) and resistance

Fig. 1. Changes of electrotonic potentials and APs of the same neuron of Helix (a�h) and Planorbis (i�p) in isotonic
solution CaCl

2
. Note APs and electrotonic potentials in Ringer�s solution without Na+ (a) and after 1, 2, 3 min registration

of the same characteristics (b-d), in isotonic solution of CaCl
2
, correspondently; again in normal solution without Na+

after 1, 2, 3, and 4 min registration of the same characteristics (e-h), correspondently; the same changes in these characteristics
in normal (i) and isotonic solution of CaCl

2 
 (j-l); again in normal solution (m-p) after 1, 2, 3, and 4 min, correspondently.

Hyperpolarized and depolarized currents are 1·10-8 A and 0.3·10-8 A, correspondently (modified from [1, 2])
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of the membrane per unit surface (Rm). The
second attenuation coefficient τ, or the time
constant, is related to the membrane capacity
(Cm) per unit surface. At earliest possible
date, I developed the special electronic de-
vice and original protocol for recording of EPs
along the membrane of excitable fiber. The
device included a complex radio-frequency set
for uncoupling of the biological object from
the stimulator. The membranes of individual
muscle fibers were polarized by weak hyper-
polarizing current pulses (2·10-8 À) passed
through one microelectrode, while another
electrode was used for recording of EPs along
this fiber at different distances (100 � 2000
µm) from the polarizing electrode. Through-
out 1962, I carried out these complex experi-
ments. For the majority of the studied muscle
fibers of frog, the following mean biophysical
parameters were obtained in the normal
Ringer solution: Rm = 3960 ± 480 Ω.cm2, Ri
= 87 ± 10.3 &!×cm, and Cm = 8 ± 3.2 µF/
cm2. These parameters decreased with in-
crease in the concentration of K+ in the ex-
ternal solution. The data that I obtained in
these experiments were described in the pa-
per published in the Moscow scientific jour-
nal [8]. It should be noted that the data at-
tracted lively interest from biophysics.

In those memorable times (namely of the
1960s), our research activities sometimes al-
ternated with informal gatherings with music.
We knew that piano concerts in philharmonics
Kyiv and Moscow are another strong passion
or the second dominant after science for our
teacher. We knew that he wonderfully plays
the piano himself and also loves to hear great
pianists like S. Richter or A. Rubinstein who
could make the piano sing. Each of us was
just �a copy cat� and we also loved to hear
great pianists and singers at the opera or on
vinyl .  I  remember  how our  t rade union
organization bought a piano �Ukraine� for the
Institute, and we put this musical instrument
in the director�s office. The next day we all,
connoisseurs of art, were invited to listen to

the music. Platon Grygorovych emotionally
played for  us  a  par t  of  Chopin�s  Piano
Concerto No.1 in E minor. We listened to the
music with bated breath. It was so beautiful!
We have remarked that our maestro put his
own feeling into sounds and told us the pleas-
ant and lively story. Indeed, a Kostyuk�s
master class was example of the brilliant
emotionally-semantic inversion.

Many years have passed invisibly. Tempus
fugit (time flies. Ed.). These decades seem
to have flown by as inexorable fate has willed;
time changes us all, and all around us. How-
ever, our glorious past, the 1960s, will always
remain in our memory. This period of time our
cohort: Platon Kostyuk, Lida Savoskina, Zoya
Sorokina-Marina, Galina Skibo, Lysia Vihreva,
Nel lya  Pogore laya ,  B .  Pya t igorsk i i ,  V.
Gerasimov, N. Preobrajenskii, A. Pilyavskii,
nonpareil D. Vasilenko, and I enthusiastically
worked together in the Dept. of GPNS.

However, I also have had some conflicts
with my boss. I have a recollection of the end
of the cold winter in 1965. Before, my five
original manuscripts (in co-authorship with my
teacher P.G. Kostyuk) were submitted to the
Moscow scientific journals. It was snowing.
I saw snow-covered streets and snow-covered
Bogomoletz Park from the first floor of my
room. I was sitting at my desk making some
notes. Just as my boss came in, he started out
by attacking me and out of a clear sky. He
told me about a transfer of my assistance N.
Babetz to another research group in order to
perform technical service of the new French-
made setup �Racia� enabling scientists suc-
cessfully to run electrophysiological studies
on the cat spinal cord. I had an objection. I
was not a diplomat yet. I was only 32 years
old and my supervisor was older, 41 years old.
�It is my order!� my supervisor said. And he
spoke to me as if we established new contact,
namely manager-subordinate relationship but
not teacher � student one. He told me that he
is the chief, and I am just only collaborator of
the Dept. It was rather painful for me to hear
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such words. I was silent. I crumpled a sheet
of paper covered with my writing and began
to cry� �I�m only graduate student� was in
my mind and in all my body� The next day I
have written the letter of voluntary resignation
addressed to the Director of the Institute
Acad. A.F. Makarchenko. I was the first and
last �victim� of such circumstances. Many
years have elapsed. My boss became an ex-
cellent diplomat; his students had never heard
rude remarks from him. He could only say: �I
am surprised.� My vivid recollections are the
homage which I pay to my first great teacher
Platon Kostyuk.

2. Ukrainian endocrinology of socialist realism

At the beginning of 1965, by the decree of
the Ministry of Public Health of the Ukr.
USSR, Akad. V.P. Komissarenko founded a
new research institution in Kyiv, the Institute
of Endocrinology and Metabolism, and occu-
pied the position of its first director. From
February 10, I occupied the position of his
scientist (Dr. Sci. K.P. Zak, a student of Akad.
V.P. Komissarenko, was also the scientist).
During the early years, the Institute was lo-
cated in the beautiful two-storied mansion just
at the corner of Shevchenko�s Boulevard 8
and Pushkinskaya Street. Here, there was
rather big patio. I took on a job (my first job):
it was necessary to re-equip field service,
organize the work shop, and storehouses. The
scientific staff of the Institute, administrative
staff, and support personnel has mushroomed
up. My second chief was 58 years old. Over
a long period of time, he worked under the
guidance of Akad. A.A. Bogomoletz. Until the
end of 1964, Akad. V.P. Komissarenko was
the head of the Department at the Bogomoletz
Institute of Physiology of the Akad. Sci. of
the Ukr. SSR. He also was well-trained in the
Laboratory headed by Prof. H. Selye (the
founder of the theory of stress and general
adaptation syndrome, GAS) at the Institute of
Experimental Medicine, Montreal (Canada).

Thus, Prof. A.A. Bogomoletz and Prof. H.
Selye were indeed his great teachers. There
was an ambitious task in front of our ener-
getic, full of bush fire, and talented leader and
associates of his Institute: to lay the first stone
of fundamental endocrinology as a science in
Ukraine. It was impossible for us to stand
against his energy and charm, and all of us
worked wholeheartedly. In the first year,
Acad. Komissarenko offered a job at his
Institute for many young and talented scien-
tists from Kharkov and Odessa (PhD Rezni-
kov A.G. and others). In our environment, in
this difficult  period of formation of the
Institute, a unique aura of high respect and
mutual support was formed. I was Senior Res.
Ass. in the Laboratory of Physiology. I again
began my career from scratch. As before, I
began to actively seek for biochemical equip-
ment, amplifiers, oscillographs, and stimula-
tors. I remember that we received a great
number of items of equipment retired from the
Institute of Cybernetics nearly in the mid-
1965. We also bought biochemical reagents.
Our experimental infrastructure and machine
shops took on life. I again began to create a
set of electrophysiological equipment for
recording of neuronal activity in mollusks. I
should emphasize that our director was a very
respected within the circle of communist party
functionary, government officials, and even
writers in Kyiv and Moscow. One day (it was
in the autumn of 1965), my second great boss,
the master of science and life, said me that
Japanese exhibition of high-resolution elec-
tronic microscopes (JEOL) should be opened
in Moscow and that he wants to go to Moscow
with me. I agreed with my boss with ineffable
joy. I should note that I already published my
first paper entitled �Submicroscopic Structure
Giant Neurons of the Mollusk Planorbis
corneus.� I remember the interesting events
in Moscow. We are in Japanese exhibition;
we are burning with curiosity. Here, booklets,
badges, and even 3-D postcards with Japa-
nese women that winked are distributed� but
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there are only four high-resolution micro-
scopes for all 16 republics of the former
USSR. Guests and visitors of this exhibition
were talking about partitioning the spoils sys-
tem by the rules of the well-known character
Popandopulo: ��this is my� (Moscow), and
this is� also my!� Of course, I lost all hope
that Ukraine should receive an electronic mi-
croscope ,  bu t  Vas i l iy  Pavlovich  smi les
mysteriously and repeats: �Choose the best!�
(i.e., JEM�100). Later on, it came to my
knowledge that Vasiliy Pavlovich had personal
encounter with N.B. Podgornyi (the first Sec-
re tary  of  the  Centra l  Commit tee  of  the
Communistic Party of Ukraine up to 1963 and
the Chairman of the Presidium of the Supreme
Soviet of the USSR from 1965) who already
gave the special order specifically to send one
electronic microscope JEM-100 to Ukraine.
This JEM-100 was the first high-class elec-
tronic microscope in Ukraine that was actively
used in  the  research a t  Komissarenko�s
Institute (in winter of 1966), and I together
with DSc. K.P. Zak began electron micro-
scopic examination of blood cells in dogs. The
first experimental paper was published already
in 1967 [12].

In that time, I also actively studied elec-
trical activity of the giant neurons, located in
the buccal ganglia of mollusks. These giant
neurons of Planorbis corneus exhibited in-
tense electrical activity periodically (after 3
sec) substituted by deep (up to 30 mV) and
prolonged (nearly 2 sec) inhibitory hyperpo-
larization. These parameters sharply changed
with the addition of different neurotransmitters
(or other biologically active substances used
in very high dilutions) to superfusing solutions.
I remember that, one day, Vasiliy Pavlovich
invited high-profile officials of the Ministry of
Public Health, writers, and journalists in order
to demonstrate at the Institute the electrical
activity of these giant nerve cells of Planor-
b i s  us ing  microe lec t rode  technique  for
recording of action potentials, combined it with
video and sound control. When guests saw

alternate impulse discharges of a separate
neuron on the screen of oscillograph and heard
how this neuron �speaks,� they were truly
amazed. A well-known Ukrainian writer
Natan Rybak even exclaimed: �This is real
Ukrainian endocrinological science of social-
istic realism!� After inspection of other Labs
and JEM-100, all guests (as well as associ-
ates of the Institute) went to the monument
of the leader of world proletariat (V.I. Lenin)
to give him �thanks for the miracles of social-
istic science� in Ukraine. The monument was
constantly visible from the windows of the first
floor of our Institute. Our valuable time passed
in such a way, in painstaking labour and vain
efforts. My second boss (Acad. V.P. Komi-
ssarenko)  decided for  the  expansion of
investigations. Then, an excellent German EM
(Carl Zeiss Jena) and some optical micro-
scopes were additionally purchased for Labs.
Somewhat later my first chief P.G. Kostyuk
(from 1966, Corr. Member AN USSR and di-
rector of the Bogomoletz Institute of Physiol-
ogy) was invited to the Komissarenko�s
Institute. Of course, he met me and asked me
about my results obtained using ÅÌ and my
electrophysiological investigations in the
Institute. Then he simply said that a long time
elapsed since our last �fight�. The summer,
but not winter, is now onside and that I can
come back in the Dept. of GPNS. I decided
to return �home� to the Bogomoletz Institute
of Physiology. More than 40 years have
elapsed, but I remember now only my deep
emotions, tears in my eyes and the last words
of my dear second teacher: �Volodya, I do not
object you returning �home�, to your Alma
Mater.

3. Revolution in neuroanatomy of the
1970s and my third great mentor

At the beginning of 1970s, methods based on
cell biology and chemistry, aimed as �path-
way tracing� via anterograde and retrograde
axonal transport of horse radish peroxidase

My first 20 years in Neuroscience



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 3 83

(HRP) and techniques for immunohistoche-
mical localization of neurotransmitters in the
brain have been introduced. Acad. P.G. Kos-
tyuk remained abreast of scientific develop-
ments. His very interesting papers have been
published in International Journals; a paper
describing ultrastructural organization of
propriospinal projections in cat was published
in co-authorship with me in Brain Res. (1972).
At that time, my mentor already became
internationally renowned and occupied the
position of Vice-President of IBRO/UNESCO
(1974�1979). With the help of my supervisor,
I have got Invitation to work for the period of
10 months (using IBRO/UNESCO fellowship,
1975�1976) in the Dept. of Anatomy of the
Erasmus  Univers i ty  in  Rot te rdam ( the
Netherlands) headed by the famous European
scientist Prof. H. Kuypers. Thus, Prof. H.
Kuypers (1925�1989) became my third great
teacher. Indeed, all of us who were privilege
to contact with him or work with him are fully
aware of  the real ly  important  scient i f ic
contributions that he made during his lifetime.
At the beginning of our experiments on cats
and rats, we found that microinjections of HRP
in to  the  sp ina l  g ray  mat te r  resu l ted  in
retrograde labeling of only a very limited
number of brain stem neurons. About a year
before, Prof. K. Kristensson from Sweden has
found that effective retrograde transport of
HRP in transected axons really exists. Thus,
as the first step I studied temporal rela-
tionships between transport of HRP (Sigma,
USA; Boehringer, Germany) and induction of
chromatolysis. Prof. H. Kuypers, DSc. J. Sie-
gel (from USA), me, and two young scientists
from the Dept. of Anatomy (C. Catsman-
Berrevoets and I. Molenaar) worked together.
In this  Dept . ,  there was also a  �secret�
scientific Lab. with which Prof. H. Kuypers
during 1975�1976 had begun developing a new
retrograde labeling technique employing
fluorescent substances (Primuline, Fast Blue,
Evans Blue, and others) for double labeling
of neurons in rat through divergent axon

collaterals. Only in 1977, the new technique
was published by Prof. H. Kuypers and young
scientist Marina Bentivoglio (from Italy, using
IBRO/UNESCO fellowship). However, at the
beginning of 1975 our group included Prof.
H. Kuypers, two technicians, and me. We all
made subsequent spinal injections of HRP into
the gray and white matter of the rat�s or cat�s
spinal cord and in such way damaged as many
axons as possible.

The method, as we found, was very ef-
fective even in the large animals (in cats). Too
many, about twenty cats (two animals per
months)  were  used for  inves t igat ion of
retrograde axonal transport of HRP from spi-
nal cord (C2, C8/TH1, TH5, L2, and L4 seg-
ments, respectively). The most important part
of experimental work (contralateral or bilat-
eral spinal lesions at C2, C8/TH1, which in
the respective cases spared small portions of
the different funiculi, unilaterally), was done
only by Prof. H. Kuypers himself and his two
very skill assistants using special binocular
microscope and vacuum pump. I analyzed
experimental material (sections of the cat�s
brain and spinal cord) and prepared illustra-
tions. I must note that cats were extraordi-
nary spinal animals. After operation, all these
cats needed special conditions for rehabi-
litation. Only one week later, spinal HRP
injections were made below the lesions in both
animal groups (30 µl of 30 % HRP was
deposited in the case). We found that, after
injections of HRP, the enzyme was transported
retrogradely to brain stem neurons in the
bulbar medial reticular formation, the vesti-
bular complex,  and the red nucleus.  We
obtained intriguing facts in our investigations:
we recorded the labeled neurons in the locus
coeruleus and subcoeruleus, as well as in
the paraventricular hypothalamic nucleus [6].
The existence of straight pathways from
hypothalamus to the spinal cord (as can be
seen in fig. 2, A) has not been demonstrated
earlier. The next step of our study was to
determine the corresponding spinal funiculi
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where descending fibers (from various brain
stem cell groups) are located. Indeed, in our
pioneer studies, we found that the fibers from
the hypothalamus, which descend throughout
the spinal cord, are located mainly in the lateral
funiculus, ipsilaterally (fig. 2, B).

My stay in this beautiful country was going
to the end. As often as I came in the evening
to the downtown at the bus station Rotterdam �
Istanbul and sadly looked after the bus with

laborers from Turkey: there, to the east, is also
my country, my Ukraine. I kept firmly in my
mind (as the prayers) Kostyuk�s hard direc-
tions he gave me in the bar of Moscow hotel
of the Acad. Sci. of USSR. �You should ob-
tain good results and publish a paper in the
International Journal as soon as possible!� he
said. He went to Switzerland, the some time
as I went to the Netherlands. I remembered
that he was on probation in Australia during

Fig. 2. Cells of origin of descending brain stem pathways to the spinal cord in cat. (A) distribution of retrogradely labeled
neurons (dots and squares) at various brain stem levels (a�j) after unilateral (right) injection of HRP at TH5. Note labeled
neurons in the locus coeruleus (LC) and the nucleus subcoeruleus (SC) at levels f and g, and in the paraventricular nucleus
of hypothalamus (H) at levels i, j ipsilaterally, as well as in the lateral pontine tegmentum (LT), adjoining the rubrospinal
tract (TRS) contralaterally. Dark-field photomicrograph shows the labeled neurons in periventrscular (III) area (level j) in
the hypothalamus; (B) funicular trajectories of descending brain stem pathways in C6�C7 segments. Abbreviations: CM,
center medium; F, fornix; INC, interstitial nucleus of Cajal; NGC, nuclei gracilis and cuneatus; NRA, nucleus retroambiguus;
NTS, nucleus of the tractus solitarius; P, pyramidal tract; R, raphe nuclei; RFm, medullary medial reticular formation;
RFp, pontine medial reticular formation; RN, red nucleus; TH, thalamus (modified from [6, 7])
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five months and, shortly after this probation,
he published (in co-authorship) five scientific
papers  in  1962.  But  I  had  here  ( in  the
Netherlands) one problem. Prof. H. Kuypers
even not  guessed that  he is  a  person of
considerable talent. Each scientific problem
he touched always turned into pioneering
discoveries in Neuroscience. But he was also
the father of six children. He lived in the
beautiful realm together with his horses, car,
certainly, with his beloved wife and dear
science. Surely he did not know our �specific�
idiom (in Russian) extensively used in our real
life in the ex-USSR, such as �ðâàòü ïîä-
ìåòêè íà õîäó!� (�be a fast climber,� or �not
to waste any time!�). Really, at the end of
the first part of my academic mission (in late
spr ing of  1975) ,  I  prepared al l  pr imary
mater ia ls  for  our  sc ient i f ic  paper  to  be
published. It was necessary to write at least
a short communication and submit it to the
International Journal. However, Professor
�dragged� preparation of our manuscript. His
teaching load and extensive international

cooperation strongly distracted his efforts
from the main subject � the manuscript. In this
situation, I was running out of time absolutely.
Academic circles �boiled� like the samovar;
this was like a three-ring circus: �The winner
is the scientist who first publishes the novel
data!� Nearly two weeks before my return to
Kyiv. I again insisted on the necessity to get
through with our manuscript. I realized that
my dear maestro did not comprehend my un-
easiness. �You discovered for the first time
the direct pathway from the hypothalamus to
the spinal cord along its whole length!� I ex-
c la imed� and then  my voice  suddenly
trembled, and my tears dropped on Israel
strawberries covered with sour cream and
sugar. It has worked. Teacher put his hand
on my shoulder, and then he had merely said:
�I understand!� Later on, it came to my knowl-
edge that, after our talk, Prof. H. Kuypers
intensely worked during four days in his room
with our manuscript. On the 5th day, in the
morning Professor left by Euro-Express, to-
gether with our manuscript, for Germany to

Fig. 3 (Foto). Our glorious past (the 1970s), Akad. Kostyuk P.G., Nobel prize winner Hodgkin A.L. and three yang
scientists (Vasilenko D., Pyatigorskii B. and Preobrajenskii N.) in Bogomoletz Park.
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Prof.  M. Zimmermann (II  Physiological
Institute in Heidelberg). He was the Editor of
a new International Journal Neuroscience
Letters, which first issue was supposed to be
published in a month. Platon Kostyuk and I
were pleased, since this paper was published
in the first number of the Journal and on its
first pages [6]. Yes, indeed, it was my victory
achieved through enormous efforts. Later on,
a known research group of morphologists
(Cowan�s laboratory, USA) published their
own data about straight pathways from the
hypothalamus to autonomic centers of the rat
spinal cord [9]. It was also shown that direct
projections from hypothalamus to spinal cord
arises in paraventricular nucleus and ends in
the intermediolateral column and marginal
zone of the dorsal horn [10]. To emphasize
the contribution of Prof. Kuypers to Neuro-
science, I must note that only Pavlov�s term
conditioned reflex (1903), Bykov�s postulates
about  t r ans fe r  be tween  hemispheres  in
Pavlov�s Lab., and our intriguing facts about
straight pathways from the hypothalamus to
the spinal cord in cat [6] were discussed and
cited in the last issue (50, ¹ 5/6, 1999) of the
millennium Brain Res. Bull, which was de-
voted to the achievements in Neuroscience
of 20th Century (see [10]).

P.S. We have Shakespeare at our tongue�s end:
�I hold the world but as the world, Gratiano,
A stage where every man must play a part.�
(William Shakespeare. The Merchant of

Venice)
The reality in Neuroscience (here severe

competition reigns) means to sing certain parts
of �science services� (by analogy �church
services�), since we are devoted ourselves
wholly to the service of Science. My first 20
years in Neuroscience will be finished. I had
three great �mentors� and three times I cried
bitterly. I am going home in order �to sing my
own song� tomorrow! However, on the next
day� the new stage and new singers will
appear (see [3�5, 11]).
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Intriguing facts were obtained in the first electrophysiological
investigations (1964) that the action potentials (AP) produced
by direct depolarization of the cell membrane in different
species of mollusks showed specific relations to changes in
external ionic composition. In Helix neurons, the generation of
AP was well maintained in sodium-free solutions with high
calcium or barium content. The amplitude of the spike overshoot
in the case was linearly related to the logarithm of calcium
concentration. It is interesting that increase in external calcium
ions decreased the ionic conductance of the resting membrane
(R

o
) also in linear relation to the logarithm of Ca2+ or Ba2+

concentration. It was found for the first time (1965) that
addition of Ba2+ to the external solution produced in the neurons
well-developed prolonged (protracted) APs in all cases.
However, the excitability of Planorbis and Limnea neurons
was rapidly (during 3 min) reversibly depressed in sodium-
free solutions. We found that, after injections of horse radish
peroxidase (HRP) in the spinal cord of cats, the enzyme was
transported retrogradely to brain stem neurons in the bulbar
medial reticular formation, the vestibular complex, and the red
nucleus. We obtained (1975) intriguing facts in our
investigations: we recorded the labeled neurons in the locus
coeruleus and subcoeruleus, as well as in the paraventricular
hypothalamic nucleus. The existence of straight pathways
from hypothalamus to the spinal cord has not been
demonstrated earlier. The next step of our study was to
determine the corresponding spinal funiculi where descending
fibers (from various brain stem cell groups) are located. Indeed,
in our pioneer studies (1977), we found that the fibers from
the hypothalamus, which descend throughout the spinal cord,
are located mainly in the lateral funiculus, ipsilaterally.

O.O. Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv
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Íàó÷íîå íàñëåäèå àêàäåìèêà À.À. Áîãîìîëüöà
(ê 130-ëåòèþ ñî äíÿ ðîæäåíèÿ)

Àëåêñàíäð Àëåêñàíäðîâè÷ Áîãîìîëåö �
êðóïíåéøèé ó÷¸íûé-ïàòîôèçèîëîã, ÷åëîâåê
íåîáû÷àéíîé ñóäüáû. Îòåö � Àëåêñàíäð
Ìèõàéëîâè÷ Áîãîìîëåö, ñûí ìåëêîïîìåñò-
íîãî äâîðÿíèíà, âðà÷, ñîòðóäíè÷àë ñ íà-
ðîäîâîëüöàìè. Ìàòü � Ñîôüÿ Íèêîëàåâíà
Ïðèñåöêàÿ, äî÷ü ïîðó÷èêà â îòñòàâêå, ðå-
âîëþöèîíåðêà, âõîäèëà â Þæíî-ðóññêèé ðà-
áî÷èé ñîþç, áûëà àðåñòîâàíà â ÿíâàðå
1881 ã. Åå ñûí ðîäèëñÿ â ëàçàðåòå Ëóêüÿ-
íîâñêîé òþðüìû. Ìåíüøå ÷åì ÷åðåç ìåñÿö
æàíäàðìû îòäàëè ðåá¸íêà îòöó Ñîôüè
Íèêîëàåâíû, êîòîðûé óåõàë ñ íèì â ñâîå
èìåíèå íà Ïîëòàâùèíå, â ñåëî Êëèìîâî
Çåíüêîâñêîãî óåçäà. Ïîçäíåå Àëåêñàíäð
Ìèõàéëîâè÷ óâåç ñûíà â Íåæèí. Ñâîþ
ìàòü  Ñàøà Áîãîìîëåö óâèäåë  ëèøü â
1891 ã., êîãäà åãî îòåö ïî õîäàòàéñòâó Ëüâà
Òîëñòîãî ïîëó÷èë ðàçðåøåíèå íàâåñòèòü
Ñîôüþ Áîãîìîëåö â Ñèáèðè. Âñêîðå îíà
óìåðëà îò òóáåðêóëåçà. Ïîñëå òÿæåëîé
ïîåçäêè â Ñèáèðü Àëåêñàíäð Áîãîìîëåö
ñòàë î÷åíü áîëåçíåííûì.

Íåñìîòðÿ íà òî, ÷òî ìàòü è îòåö åãî áû-
ëè ïîëèòè÷åñêèìè ïðîòèâíèêàìè öàðñêîãî
ðåæèìà, åù¸ äî ðåâîëþöèè À.À. Áîãîìîëåö
çàêîí÷èë îäíó èç ëó÷øèõ � 1-þ ãèìíàçèþ
â Êèåâå ñ çîëîòîé ìåäàëüþ, óíèâåðñèòåò,
îáùàëñÿ ñ ñàìûìè âèäíûìè ó÷¸íûìè �
Â.Â. Ïîäâûñîöêèì, È.Ï. Ïàâëîâûì, Â.Â. Âî-
ðîíèíûì.

Â 1907 ã. À.À. Áîãîìîëåö ñòàë àññèñ-
òåíòîì íà êàôåäðå îáùåé ïàòîëîãèè Íî-
âîðîññèéñêîãî óíèâåðñèòåòà. Â îäíîé èç
ïåðâûõ ðàáîò îí ïîêàçàë ðîëü è çíà÷åíèå
íàäïî÷å÷íèêîâ  â  çàùèòíûõ ðåàêöèÿõ
îðãàíèçìà. Â òîì æå ãîäó Àëåêñàíäð Àëåê-
ñàíäðîâè÷ ïîëó÷èë çâàíèå ïðèâàò-äîöåíòà,
çàùèòèâ ïðè îïïîíåíöèè È.Ï. Ïàâëîâà

äîêòîðñêóþ äèññåðòàöèþ î  äåéñòâèè
ñïåöèôè÷åñêèõ ñûâîðîòîê íà íàäïî÷å÷-
íèêè. È ÷òî âîîáùå óäèâèòåëüíî, ó÷èòûâàÿ
åãî ïðîèñõîæäåíèå, ýòî òî, ÷òî â ôåâðàëå
1911 ã. Áîãîìîëüöà îòïðàâèëè â êîìàíäè-
ðîâêó â Ïàðèæ (â Ñîðáîííó) äëÿ ïîäãîòîâêè
ê ïðîôåññîðñêîìó çâàíèþ. Çàòåì îí áûë
óòâåðæäåí ýêñòðàîðäèíàðíûì ïðîôåññî-
ðîì êàôåäðû îáùåé ïàòîëîãèè è áàêòåðèî-
ëîãèè Íèêîëàåâñêîãî óíèâåðñèòåòà â Ñà-
ðàòîâå. Òàê ÷òî Àëåêñàíäð Àëåêñàíäðîâè÷
ñäåëàë áëåñòÿùóþ íàó÷íóþ êàðüåðó äî 36
ëåò åù¸ ïðè öàðñêîé âëàñòè. Îäíîâðåìåííî
ñ ÷òåíèåì ëåêöèé ïðîâîäèë ýïèäåìèî-
ëîãè÷åñêèå èññëåäîâàíèÿ. Îäíèì èç ïåðâûõ
óêàçàë íà ñâÿçü àëëåðãèè è èììóíèòåòà.
Ó÷àñòâîâàë è â îáùåñòâåííîé æèçíè: â
1914 ã. âìåñòå ñ âîñåìíàäöàòüþ äðóãèìè
ïðîôåññîðàìè îïóáëèêîâàë îáðàùåíèå «Î
ñóäüáå æåíùèí, îñòàâøèõñÿ çà ñòåíàìè
óíèâåðñèòåòà» è çàíÿëñÿ îðãàíèçàöèåé
Âûñøèõ æåíñêèõ ìåäèöèíñêèõ êóðñîâ,
ïîçæå ïîäíèìàë âîïðîñ îá îòêðûòèè â
Ñàðàòîâå ñïåöèàëüíîãî áàêòåðèîëîãè÷åñ-
êîãî èíñòèòóòà.

À.À. Áîãîìîëåö, âñåãäà ñ÷èòàâøèéñÿ
«íåáëàãîíàäåæíûì», ðåâîëþöèþ ïðèíÿë
ñðàçó. Â 1919 ã. áûë íàçíà÷åí êîíñóëüòàí-
òîì-ýïèäåìèîëîãîì ñàíèòàðíîé ÷àñòè
Þãî-âîñòî÷íîãî ôðîíòà Êðàñíîé àðìèè è
ñàíèòàðíîãî îòäåëà Ðÿçàíî-Óðàëüñêîé
æåëåçíîé äîðîãè. Âî âðåìÿ ãðàæäàíñêîé
âîéíû áûë òàêæå ýïèäåìèîëîãîì Ñàðàòîâ-
ñêîãî ãóáçäðàâà, ðóêîâîäèë Ñàðàòîâñêèì
ýâàêîïóíêòîì, ñîçäàë ïåðâûå â ñòðàíå
æåëåçíîäîðîæíóþ êëèíèêî-äèàãíîñòè-
÷åñêóþ è ïåðåäâèæíóþ ïðîòèâîìàëÿðèé-
íóþ ëàáîðàòîðèè. Íå îñòàâëÿë îí è íàó÷íûõ
èññëåäîâàíèé è â 1921 ã.  îïóáëèêîâàë
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ó÷åáíèê «Êðàòêèé êóðñ ïàòîëîãè÷åñêîé
ôèçèîëîãèè». Ñ 1923 ã. ñåðüåçíî çàíèìàëñÿ
èññëåäîâàíèÿìè ñîåäèíèòåëüíîé òêàíè è åå
ðîëè â ðåàêöèÿõ îðãàíèçìà.

Â 1925 ã.  ïðîôåññîð Áîãîìîëåö áûë
ïðèãëàøåí â Ìîñêâó, íà êàôåäðó ïàòîôè-
çèîëîãèè ìåäèöèíñêîãî ôàêóëüòåòà II Ìîñ-
êîâñêîãî óíèâåðñèòåòà. Îäíîâðåìåííî ñ
1926 ã. îí ðàáîòàë â Èíñòèòóòå ãåìàòîëî-
ãèè è ïåðåëèâàíèÿ êðîâè (ïîñëå ñìåðòè
îñíîâàòåëÿ èíñòèòóòà À. À. Áîãäàíîâà ñòàë
åãî äèðåêòîðîì), ðóêîâîäèë îòäåëåíèåì
ýêñïåðèìåíòàëüíîé ïàòîëîãèè â Èíñòèòóòå
âûñøåé íåðâíîé äåÿòåëüíîñòè, ëàáîðàòî-
ðèåé ýêñïåðèìåíòàëüíîé îíêîëîãèè Ìîñ-
êîâñêîãî ãîðîäñêîãî îòäåëà çäðàâîîõðà-
íåíèÿ, êîíñóëüòàíòîì ïàòîôèçèîëîãè÷åñêîé
ëàáîðàòîðèè ïðè Ãîñóäàðñòâåííîì èïïîä-
ðîìå â Ìîñêâå. Âñþäó Áîãîìîëåö ïðîäîë-
æàë çàíèìàòüñÿ èçó÷åíèåì çàùèòíûõ ñèë

îðãàíèçìà è âîçìîæíîñòåé èõ àêòèâèçàöèè.
Íå áóäó÷è ÷ëåíîì êîììóíèñòè÷åñêîé

ïàðòèè, Àëåêñàíäð Àëåêñàíäðîâè÷ âëîæèë
âñå ñâîè çíàíèÿ, äóøåâíûå è ôèçè÷åñêèå
ñèëû â ïîñòðîåíèå çäàíèé ñîâåòñêîãî
îáùåñòâà è ñîâåòñêîé íàóêè. Îí áûë äå-
ïóòàòîì Âåðõîâíîãî Ñîâåòà ÑÑÑÐ, àêàäå-
ìèêîì è ïðåçèäåíòîì Àêàäåìèè íàóê ÓÑÑÐ
(1930�1946), àêàäåìèêîì è âèöå-ïðåçèäåíòîì
Àêàäåìèè íàóê ÑÑÑÐ, Ãåðîåì Ñîöèàëèñ-
òè÷åñêîãî òðóäà ÑÑÑÐ, àêàäåìèêîì ÁÑÑÐ
è ÀÌÍ ÑÑÑÐ,  ïî÷¸òíûì ÷ëåíîì ÀÍ
Ãðóçèè,  çàñëóæåííûì äåÿòåëåì íàóêè
ÐÑÔÑÐ, ëàóðåàòîì Ãîñóäàðñòâåííîé Ïðå-
ìèè ÑÑÑÐ, ÷ëåíîì ÖÈÊ ÓÑÑÐ è ÖÈÊ ÑÑÑÐ.

Ýòî ïðèçíàíèå Àëåêñàíäðà Àëåêñàíä-
ðîâè÷à Áîãîìîëüöà, ó÷¸íîãî è ãðàæäàíèíà
ïðè ëþáîé âëàñòè � ñâèäåòåëüñòâî ãëóáî-
êîãî óâàæåíèÿ îáùåñòâà è åãî ðóêîâîäè-
òåëåé ê îãðîìíûì åãî äîñòèæåíèÿì è çàñ-

Àëåêñàíäð Àëåêñàíäðîâè÷ Áîãîìîëåö � ïðîôåññîð II
Ìîñêîâñêîãî óíèâåðñèòåòà

Àëåêñàíäð Àëåêñàíäðîâè÷ Áîãîìîëåö � Ïðåçèäåíò
Àêàäåìèè íàóê ÓÑÑÐ
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ëóãàì ïðåæäå âñåãî â íàó÷íîé ðàáîòå íà
áëàãî ÷åëîâå÷åñòâà.

Êàê è ó áîëüøèíñòâà èíòåëëèãåíòíûõ
ëþäåé, ó À.À. Áîãîìîëüöà, î÷åâèäíî ïî íàñ-
ëåäñòâó îò ìàòåðè è îòöà ðàçâèëîñü êðè-
òè÷åñêîå îòíîøåíèå ê óñòîÿâøèìñÿ äîã-
ìàì â æèçíè è íàóêå, ñòðåìëåíèå ê èõ
ïåðåñìîòðó. È, íàâåðíîå, õîðîøî, ÷òî óì
Àëåêñàíäðà Àëåêñàíäðîâè÷à áûë îðèåíòè-
ðîâàí â îñíîâíîì íå íà ïîëèòè÷åñêèå öåëè,
à íà ñòðåìëåíèå áîðîòüñÿ ñ äîãìàìè, íà
îòêðûòèè íîâûõ ïóòåé èìåííî â ýòîé ñôåðå
÷åëîâå÷åñêîé äåÿòåëüíîñòè.

Òåì íå ìåíåå, áóíòàðñêèé äóõ À.À. Áî-
ãîìîëüöà ïðîÿâëÿëñÿ è íà íàó÷íîé íèâå.
Èìåííî îí âñòóïèë â ñïîð ñ ïðîôåññîðîì
êàôåäðû óòâåðæäàÿ, ÷òî ïðèíÿòûå â ó÷åá-
íèêàõ ôèçèîëîãèè ñõåìû, ïî êîòîðûì îñ-
íîâíàÿ ÷àñòü ñèñòîëè÷åñêîãî äàâëåíèÿ
êðîâè òðàòèòñÿ íå íà ïðåîäîëåíèå ñîïðî-
òèâëåíèÿ êàïèëëÿðîâ (÷òî åñòü íåâåðíûì),
à íà ïðåîäîëåíèå ñîïðîòèâëåíèÿ î÷åíü
ìåëêèõ ïðåäêàïèëëÿðíûõ àðòåðèîë. Îíè, ïî
åãî  óáåæäåíèþ,  èãðàþò  ðîëü  øëþçà ,
êîòîðûé ðåôëåêòîðíî îòêðûâàåòñÿ â òåõ
ñëó÷àÿõ,  êîãäà  èíòåíñèâíîñòü  ðàáîòû
ìûøö, æåëåç è ò.ï. âñëåäñòâèå óñèëåíèÿ
îáìåíà  âåùå ñòâ  ò ðåáóåò  óâåëè÷åíèÿ
ïðèëèâà êðîâè ê îðãàíó, êîòîðûé ðàáîòàåò.
«Âçãëÿíóâ íà êðèâóþ ðàñïðåäåëåíèÿ êðîâÿ-
íîãî äàâëåíèÿ â ñîñóäèñòîì ðóñëå, íàðèñî-
âàííóþ À.À. Áîãîìîëüöåì,  ïðîôåññîð
çàÿâèë: «Íèêàêîãî ïðåäñòàâëåíèÿ î ôèçèî-
ëîãèè ,  ïðèõîäèòå  â  ñëåäóþùèé ðàç» .
Ïîñêîëüêó, ïèøåò Àëåêñàíäð Àëåêñàí-
äðîâè÷, ÿ õîðîøî çíàë ïðåäìåò (èìåííî
À.À. Áîãîìîëåö ïåðâûì ïðîâåë èçìåðåíèå
äàâëåíèÿ â «ìàëûõ ñîñóäàõ»), è ïîýòîìó
îòâåòèë: «Êàê ïðîôåññîðó ôèçèîëîãèè Âàì
äîëæíî áûòü  èçâåñòíî ,  ÷òî ,  íå  èìåÿ
ïðåäñòàâëåíèÿ î ôèçèîëîãèè, ýòó íàóêó
íåëüçÿ âûó÷èòü çà íåäåëþ. Áîëüøå ÿ ê Âàì
íå ïðèäó». Îäíàêî êîíôëèêò ðàçðåøèëñÿ
áëàãîïîëó÷íî. ×åðåç íåäåëþ îïîìíèâøèéñÿ
ïðîôåññîð ïîñòàâèë çà÷¸ò À.À. Áîãîìîëü-
öó, íå çàäàâ åìó íè îäíîãî âîïðîñà.

Â äàëüíåéøåé ñâîåé ðàáîòå À.À. Áîãî-
ìîëåö ýòè ïîëîæåíèÿ î ìåõàíèçìàõ ðåãó-
ëÿöèè ñîñóäèñòîãî òîíóñà áëåñòÿùå ðàçâèë
â èçó÷åíèè âûÿñíåíèÿ ïàòîãåíåçà àðòå-
ðèàëüíîé ãèïåðòåíçèè è îôîðìèë â âèäå
ìîíîãðàôèè «Àðòåðèàëüíàÿ ãèïåðòåíçèÿ.
Î÷åðêè ïàòîãåíåçà». Âàæíåéøèì ìåõàíèç-
ìîì ýòîãî çàáîëåâàíèÿ àâòîð ñ÷èòàë äëè-
òåëüíûé ñïàçì ïðåêàïèëëÿðíûõ àðòåðèîë â
ðåçóëüòàòå íàðóøåíèé ôóíêöèé íåðâíîé
ñèñòåìû. Îí ïèñàë: «Àðòåðèàëüíàÿ ãèïåð-
òåíçèÿ � ýòî ñòîéêèé àíãèîíåâðîç, ñâÿçàí-
íûé ñ íàðóøåíèåì íîðìàëüíûõ ñâÿçåé
ìåæäó íåðâíî-ìûøå÷íûìè àïïàðàòàìè
ìåëü÷àéøèõ àðòåðèîë è èõ íåðâíûìè öåíò-
ðàìè»*. Ýòè ðàáîòû Àëåêñàíäðà Àëåêñàíä-
ðîâè÷à � ôóíäàìåíòàëüíàÿ îñíîâà äëÿ
ðàçðàáîòêè ìåòîäîâ ïàòîãåíåòè÷å ñêîé
òåðàïèè ãèïåðòîíè÷åñêîé áîëåçíè.

Â äàëüíåéøåì ýòè èññëåäîâàíèÿ À.À. Áî-
ãîìîëüöà áûëè ðàçâèòû âî ìíîãî÷èñëåííûõ
ðàáîòàõ åãî ó÷åíèêà Í.Í. Ãîðåâà è åãî
íàó÷íîé øêîëû, êîãäà áûëè âûäåëåíû
ðåôëåêñîãåííûå, ïî÷å÷íûå, íåâðîãåííûå
ôàêòîðû â ïàòîãåíåçå ãèïåðòîíèè.

À.À. Áîãîìîëåö áûë ó÷åíûì-ýíöèê-
ëîïåäèñòîì, ñïîñîáíûì ñ óñïåõîì âåñòè
çàíÿòèÿ  äëÿ  ñòóäåíòîâ  êàê  íà  ñâî åé
êàôåäðå ïàòîôèçèîëîãèè, òàê è íà êàôåä-
ðàõ ôàðìàêîëîãèè, áàêòåðèîëîãèè, ôèçèî-
ëîãèè, ìèêðîáèîëîãèè.

Ñóùåñòâóåò äâà òèïà ó÷¸íûõ: îäíè íà-
êàïëèâàþò ôàêòû è äåëàþò áîëåå èëè
ìåíåå çíà÷èòåëüíûå âûâîäû. Ýòî ó÷¸íûå-
àíàëèòèêè, èõ áîëüøèíñòâî, è èõ ìåñòî â
íàóêå â îñíîâíîì çàâèñèò îò âàæíîñòè òåõ
äàííûõ, êîòîðûå èì óäà¸òñÿ ïîëó÷èòü.
Îäíàêî ñóùåñòâóþò, íà ñ÷àñòüå, è ó÷¸íûå
äðóãîãî òèïà, ó÷¸íûå-ñèíòåòèêè, êîòîðûå
îáîáùàþò ôàêòû è èõ âçàèìîñâÿçè,  è
ïðîêëàäûâàþò íîâûå ïóòè â íàóêå. Ýòî
ó÷¸íûå ñ áîëåå àáñòðàêòíûì ìûøëåíèåì,
ó÷¸íûå-ôèëîñîôû, èìåííî èì äàí äàð
èíòåãðàöèè, ïîçâîëÿþùåé îõâàòèòü ìûñ-
ëüþ öåëóþ îáëàñòü èëè îáëàñòè íàóêè è
íàìåòèòü íîâûå ïóòè èõ ðàçâèòèÿ.
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Ðàçâèòèå  ïàòîôèçèîëîãèè â  çíà÷è-
òåëüíîé ìåðå îïðåäåëÿåòñÿ èìåííî òàêèìè
ó÷¸íûìè, êîòîðûå ñìîãëè ïîäíÿòüñÿ äî
îáîáùåíèé è  èíòåãðàöèè êîíêðåòíûõ
äîñòèæåíèé ðàçëè÷íûõ íàïðàâëåíèé áèîëî-
ãè÷åñêèõ è ìåäèöèíñêèõ äèñöèïëèí, ó÷¸íûõ,
ñïîñîáíûõ ê îïðåäåëåíèþ ãëàâíîé ñîñòàâ-
ëÿþùåé ïàòîëîãè÷åñêîãî ïðîöåññà ïðè
ðàçëè÷íûõ çàáîëåâàíèÿõ. Ýòî î÷åíü òðóäíî,
íåîáõîäèì íå òîëüêî àíàëèòè÷åñêèé, íî è
ñèíòåòè÷åñêèé ñêëàä óìà è ìûøëåíèÿ.
Ïîýòîìó âûäàþùèõñÿ ïàòîôèçèîëîãîâ
íåìíîãî, íî èìåííî îíè ãåíåðèðóþò íîâûå
èäåè, îáîãàùàþò èìè ïàòîôèçèîëîãèþ è
ìåäèöèíó, ôîðìèðóþò íîâûå íàïðàâëåíèÿ
â  íàó êå .  Â  êà÷å ñòâå  ïðèìåðîâ  ìîæíî
íàçâàòü ó÷åíèå È.È. Ìå÷íèêîâà îá èììó-
íèòåòå, òåîðèþ Ñåëüå î ñòðåññå è ìåõà-
íèçìàõ àäàïòàöèè îðãàíèçìà ê óñëîâèÿì
ñóùåñòâîâàíèÿ è å¸ ðàçâèòèå Í.Í. Ñèðî-
òèíèíûì â Óêðàèíå è Ô.Ç. Ìååðñîíîì â
Ðîññèè, ó÷åíèå À.À. Áîãîìîëüöà î ðîëè
ñîåäèíèòåëüíîé òêàíè â ïàòîãåíåçå çàáîëå-
âàíèé. Ñðåäè íàøèõ ñîâðåìåííèêîâ ñëå-
äóåò îòìåòèòü îáîáùåíèÿ Ï.Ã. Êîñòþêà î
ðîëè èîíîâ êàëüöèÿ â ðåãóëÿöèè ôèçèî-
ëîãè÷åñêèõ ôóíêöèé è ðàçâèòèè ïàòîëî-
ãè÷åñêèõ ïðîöåññîâ, îáîáùåíèå Ã.Í. Êðû-
æàíîâñêîãî îá ýíäîãåíåçå ïàòîëîãè÷åñêèõ
ïðîöåññîâ è ïðîòåêöèè («äèçðåãóëÿöèîííàÿ
ïàòîëîãèÿ») è íåêîòîðûå äðóãèå.

Èìåííî òàêèì ó÷¸íûì áûë À.À. Áîãî-
ìîëåö ñ  åãî ìíîãîãðàííûìè èäåÿìè â
îáëàñòè ôèçèîëîãè÷åñêîé ñèñòåìû ñîåäè-
íèòåëüíîé òêàíè, ýíäîêðèíîëîãèè è êðîâî-
îáðàùåíèÿ, èììóíîëîãèè, àëëåðãèè è àíà-
ôèëàêñèè, ãåðîíòîëîãèè è ïðîäëåíèÿ æèçíè.
Â ïàòîôèçèîëîãèè íåò ðàçäåëà, â êîòîðîì
áû íå îñòàâèëè ãëóáîêèé ñëåä åãî ïðîçîð-
ëèâîñòü è íåñïîêîéíûé ðàçóì. Ìàëî òîãî:
çàáîòÿñü îá óãëóáëåíèè âðà÷åáíûõ ïðåä-
ñòàâëåíèé î ñóòè ïàòîëîãè÷åñêèõ ïðîöåñ-
ñîâ, îí íàñòîé÷èâî ïðîòîðÿë ïóòè ê íîâûì
îòêðûòèÿì íå äëÿ ñåáÿ � äëÿ ñâîèõ ïîñ-
ëåäîâàòåëåé.

Â ðåöåíçèè íà ðàáîòó ñâîåãî ó÷åíèêà

Å.À. Òàòàðèíîâà îí ïèñàë: «Íóæíî ïðîâåñ-
òè ìûñëü î òîì, ÷òî âðà÷,  êîòîðûé íå
ïûòàåòñÿ îáîáùèòü ñâîè íàáëþäåíèÿ, íå
ñìîæåò ðàñêðûòü ïðè÷èíû áîëåçíè è å¸
çàêîíîìåðíîñòè. Ïîýòîìó îí áóäåò áåñ-
öåëüíî ìåòàòüñÿ, ïûòàÿñü ñìÿã÷èòü ñèìï-
òîìû çàáîëåâàíèÿ, à íå ëå÷èòü áîëüíîé
îðãàíèçì� Âðà÷, êîòîðûé íå óìååò ðóêî-
âîäñòâîâàòüñÿ â ñâîåé äåÿòåëüíîñòè ôè-
ëîñîôñêèìè ïðèíöèïàìè îáùåé ïàòîëîãèè,
íèêîãäà íå ïðî÷ò¸ò íè îäíîé ñòðî÷êè íà
ñòðàíè÷êå ÷óäåñíîé êíèãè ïðèðîäû ÷åëî-
âåêà ,  íå  âûéäåò  çà  ïðåäåëû ãðóáîãî
ýìïèðèçìà, íåñïîñîáíûé áóäåò ïîäíÿòüñÿ
íàä ñèìïòîìàòè÷åñêîé òåðàïèåé». Ò.å. ,
èíûìè ñëîâàìè, íåäàëåêî óéä¸ò îò çíàõàðÿ
èëè ôåëüäøåðà.

Ïðèìåðîì òàêîãî ñèíòåòè÷åñêîãî ïîä-
õîäà ê ðåøåíèþ âîïðîñîâ ïàòîôèçèîëîãèè
ÿâëÿåòñÿ ðàçðàáîòêà À.À. Áîãîìîëüöåì
ïðîáëåìû ôèçèîëîãè÷åñêîé ñèñòåìû ñîå-
äèíèòåëüíîé òêàíè, � òêàíè, îáúåäèíÿþùåé
âñå ðàáî÷èå êëåòêè íàøåãî îðãàíèçìà. (Â
ñîñòàâ ýòîé ñèñòåìû âõîäÿò êëåòî÷íûå
ýëåìåíòû:  ôèáðîáëàñòû,  ãèñòèîöèòû,
êóïôåðîâñêèå êëåòêè â ïå÷åíè, ìàêðîôàãè,
ýíäîòåëèàëüíûå è àäâåíòèöèàëüíûå êëåò-
êè, îñòåîáëàñòû; êëåòêè ëèìôàòè÷åñêîé
ñèñòåìû, à òàêæå ãèñòèîáàðüåðíûå ýëå-
ìåíòû (êîëàãåíîâûå, ýëàñòè÷åñêèå âîëîê-
íà, àðãåíòîôèëüíàÿ òêàíü è äð.). Ñîîòâåò-
ñòâåííî, ôèçèîëîãè÷åñêàÿ ñèñòåìà ñîåäè-
íèòåëüíîé òêàíè âûïîëíÿåò òðîôè÷åñêóþ,
áàðüåðíóþ è ïëàñòè÷åñêóþ ôóíêöèþ,
ó÷àñòâóÿ â çàæèâëåíèè ðàí, îïðåäåëÿåò
ðåàêòèâíîñòü  îðãàíèçìà â  îòíîøåíèè
èíôåêöèîííûõ çàáîëåâàíèé, â ðåàêöèÿõ
îðãàíèçìà íà íåêîíòðîëèðóåìûé ðîñò.

Êàê ïèñàë À.À. Áîãîìîëåö, ðàê âðÿä ëè
ìîæåò äîñòè÷ü êëèíè÷åñêîãî ðàçâèòèÿ â
îðãàíèçìå, åñëè ôèçèîëîãè÷åñêàÿ ñèñòåìà
ñîåäèíèòåëüíîé òêàíè ñîõðàíÿåò äîñòàòî÷-
íóþ ñîïðîòèâëÿåìîñòü. Íåäàâíî ïîêàçàíî,
÷òî ðàçâèòèå ñåðäå÷íîé íåäîñòàòî÷íîñòè
òàêæå ñâÿçàíî ñ òàê íàçûâàåìûì åãî ðå-
ìîäåëèðîâàíèåì, â êîòîðîì îñíîâíóþ ðîëü
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èãðàþò ñîåäèíèòåëüíûå òêàíåâûå ýëå-
ìåíòû. Òàêèì îáðàçîì, ïàòîãåíåç èíôåê-
öèîííûõ, ñåðäå÷íî-ñîñóäèñòûõ, îíêîëîãè-
÷åñêèõ çàáîëåâàíèé çàìûêàåòñÿ â òîé èëè
èíîé ñòåïåíè íà ñèñòåìå ñîåäèíèòåëüíîé
òêàíè, çàâèñèò îò å¸ ðåàêòèâíîñòè, òàêæå
èçó÷åííîé À.À. Áîãîìîëüöåì. «Âîçìîæ-
íîñòü âëèÿòü íà ðåàêòèâíîñòü ôèçèîëî-
ãè÷åñêîé ñèñòåìû ñîåäèíèòåëüíîé òêàíè,
âîçìîæíîñòü àêòèâèðîâàòü å¸ ôóíêöèè
èìåþò  ïåðâîî÷åðåäíî å  çíà÷åíèå  äëÿ
êëèíè÷åñêîé ìåäèöèíû», � ïèñàë â 1940 ã.
À.À.  Áîãîìîëåö.  Â 1929 ã.  îí èçîáðåë
àíòèðåòèêóëÿðíóþ öèòîòîêñè÷åñêóþ ñûâî-
ðîòêó (ñûâîðîòêó Áîãîìîëüöà), êîòîðàÿ ñ
1940 ã. èñïîëüçîâàëàñü â áîðüáå ñî çëîêà-
÷åñòâåííûìè îïóõîëÿìè, äëÿ çàæèâëåíèÿ
ðàí è ïåðåëîìîâ, àêòèâèçàöèè èììóíèòåòà
ïðè èíôåêöèîííûõ çàáîëåâàíèÿõ è ò. ä.
«Ýêñïåðèìåíòàëüíîå è êëèíè÷åñêîå èçó÷å-
íèå äåéñòâèÿ ïðåäëîæåííîé ìíîþ àíòèðå-
òèêóëÿðíîé öèòîòîêñè÷åñêîé ñûâîðîòêè
ïîêàçàëî, ÷òî ýòà ñûâîðîòêà ñïåöèôè÷åñêè
âëèÿåò íà êëåòî÷íûå ýëåìåíòû ôèçèîëî-
ãè÷åñêîé ñèñòåìû ñîåäèíèòåëüíîé òêàíè
(îñîáåííî íà ãèñòèîöèòû), â ìàëûõ äîçàõ
ñòèìóëèðóÿ, à â áîëüøèõ � íàîáîðîò, òîð-
ìîçÿ èõ æèçíåäåÿòåëüíîñòü» (Ìåäèöèíñêèé
æóðíàë, 1940, ñòð. 289).

Òî åñòü, Àëåêñàíäðîì Àëåêñàíäðîâè-
÷åì îáíàðóæåíà öåëàÿ ñèñòåìà ðåãóëÿöèè
â îðãàíèçìå, ñîçäàíà íîâàÿ òåîðèÿ ðàçâè-
òèÿ  ñàìûõ ðàçëè÷íûõ çàáîëåâàíèé è
ïîêàçàí ìåòîä óïðàâëåíèÿ ýòîé ñèñòåìîé.
Âîò ÷òî çíà÷èò ñèíòåòè÷åñêèé óì ïàòîôè-
çèîëîãà. Îñîáåííî âàæíî ýòî áûëî äëÿ
ëå÷åíèÿ ðàíåíèé íà âîéíå 1941�1945 ãã. Çà
ýòè èññëåäîâàíèÿ À.À. Áîãîìîëåö ïîëó÷èë
Ãîñïðåìèþ ÑÑÑÐ.

Íà ïðèìåðå àíòèðåòèêóëÿðíîé ñûâî-
ðîòêè ïîñëåäîâàòåëè À.À. Áîãîìîëüöà ñòà-
ëè ïîëó÷àòü è äðóãèå èììóííûå ñûâîðîòêè �
êî âñåì îðãàíàì è òêàíÿì. Êñòàòè, èìåííî
À.À. Áîãîìîëåö âûäåëèë ïåðâóþ àíòèñóï-
ðàðåíàëüíóþ ñûâîðîòêó, èçó÷èë å¸ äåéñò-
âèå íà íàäïî÷å÷íèêè, ÷òî ñòàëî òåìîé åãî

äîêòîðñêîé äèññåðòàöèè. Â Èíñòèòóòå ôè-
çèîëîãèè èì. À.À. Áîãîìîëüöà ÍÀÍ Óêðàè-
íû áûëè ïîëó÷åíû àíòèêàðäèàëüíàÿ ,
àíòèãåïàòîöèòîòîêñè÷åñêàÿ, àíòèìèîöèòî-
òîêñè÷åñêàÿ, àíòèîâàðèàëüíàÿ, àíòèòåñòè-
êóëàðíàÿ, àíòèëèìôîöèòàðíàÿ, àíòèêîðòèêî-
è àíòèìîçãîâàÿ ñóïðàðåíàëüíàÿ ñûâîðîòêè
(Þ.À. Ñïàñîêóêîöêèé, Í.Â. Èëü÷åâè÷, È.Í. Àëåê-
ñååâà, Ð.È. ßí÷èé è äð.).

Èçó÷åíèå ðàçëè÷íûõ öèòîòîêñè÷åñêèõ
ñûâîðîòîê â ýêñïåðèìåíòå ñ èçó÷åíèåì âñ¸
áîëåå òîíêèõ ìåòîäè÷åñêèõ ïîäõîäîâ ïîç-
âîëèëî óñòàíîâèòü ñóùåñòâåííûå ìåõà-
íèçìû íàðóøåíèÿ è âîññòàíîâëåíèÿ ôóíê-
öèé îðãàíîâ ïðè âîçäåéñòâèè êñåíîãåííûõ
àíòèòåë íà îðãàííîì, êëåòî÷íîì è ìîëå-
êóëÿðíîì óðîâíÿõ. Ýòè èññëåäîâàíèÿ îáî-
ãàòèëè ïðåäñòàâëåíèÿ î ðîëè àóòîàíòèòåë
ïðè ìíîãèõ çàáîëåâàíèÿõ è äîñòàòî÷íî
øèðîêî èñïîëüçîâàëèñü â ñåëüñêîõîçÿéñò-
âåííîé ïðàêòèêå, à òàêæå, â îòäåëüíûõ
ñëó÷àÿõ, â ìåäèöèíå.

Ðåçóëüòàòû ýòèõ ðàáîò èìåþò, íåñîì-
íåííî, îáùåáèîëîãè÷åñêèé õàðàêòåð, êàê è
òåîðèÿ ñòðåññà Ñåëüå. Êñòàòè, ðîëü íàäïî-
÷å÷íèêîâ â àäàïòàöèîííûõ ðåàêöèÿõ òàêæå
áûëà ïîêàçàíà âïåðâûå À.À. Áîãîìîëüöåì.
Íåïðåõîäÿùåå çíà÷åíèå èìåëè ðåçóëüòàòû
èññëåäîâàíèé Àëåêñàíäðà Àëåêñàíäðîâè÷à
ïî ïðîáëåìå ïåðåëèâàíèÿ êðîâè (òåîðèÿ
êîëëîèäîêëàçè÷åñêîãî øîêà), äîëãîëåòèÿ,
ãîðìîíàëüíîé ðåãóëÿöèè ôóíêöèé îðãà-
íèçìà. Åãî êíèãà «Êðèçèñ ýíäîêðèíîëîãèè»
áûëà â ýòîé îáëàñòè ìåäèöèíû.

Íåîáõîäèìî îñîáî ïîä÷åðêíóòü, ÷òî
ãëóáîêèå òåîðåòè÷åñêèå èññëåäîâàíèÿ
À.À. Áîãîìîëüöà âñåãäà ñî÷åòàëèñü ñ âû-
õîäîì â ïðàêòè÷åñêóþ ìåäèöèíó. Ýòî â
ïîëíîé ìåðå îòíîñèòñÿ ê öèêëó èññëåäî-
âàíèÿ Àëåêñàíäðà Àëåêñàíäðîâè÷à ïî
ãåìàòîëîãèè è ïåðåëèâàíèþ êðîâè. Èìåííî
åìó ïðèíàäëåæèò òåîðèÿ, îáúÿñíèâøàÿ
ñòèìóëèðóþùåå äåéñòâèå ïåðåëèâàíèÿ
êðîâè .  Â  îñíîâå  å¸  ëåæèò  îïèñàííîå
Áîãîìîëüöåì ÿâëåíèå òàê íàçûâàåìîãî
êîëëîèäîêëàçè÷åñêîãî øîêà, îáóñëîâëåí-
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íîãî èíäèâèäóàëüíûìè îñîáåííîñòÿìè
(ïîìèìî èçâåñòíûõ ãðóïï êðîâè) ñòðóêòóðû
áåëêîâ êðîâè, êîòîðûå âûÿâëÿþòñÿ ïðè
ïîïàäàíèè ðåöåïèåíòó ñòîëü æå èíäèâè-
äóàëüíûõ áåëêîâ êðîâè äîíîðà è ïîñëå-
äóþùåãî âûäåëåíèÿ ýíäîãåííûõ ñòèìó-
ëÿòîðîâ ôóíêöèé îðãàíèçìà. Ýòîò ìåõà-
íèçì èñïîëüçóåòñÿ â êëèíè÷åñêîé ïðàêòèêå
äëÿ ñòèìóëÿöèè îðãàíèçìà â óñëîâèÿõ
òÿæ¸ëûõ ðàññòðîéñòâ ðåàêòèâíîñòè îðãà-
íèçìà. Ñâîè èäåè À.À. Áîãîìîëåö âîïëî-
ùàë â æèçíü, áóäó÷è çàâåäóþùèì ýêñïåðè-
ìåíòàëüíûì îòäåëîì âíîâü îòêðûòîãî â
1921 ã. â Ìîñêâå Öåíòðàëüíîãî èíñòèòóòà
ïåðåëèâàíèÿ êðîâè, à çàòåì äèðåêòîðîì
ýòîãî èíñòèòóòà. Ïî ïîâîäó ðàáîò À.À. Áî-
ãîìîëüöà áûëî ñêàçàíî, ÷òî âñ¸, ñäåëàííîå
èì, ïðåäñòàâëÿåò ñîáîé «èñêëþ÷èòåëüíîå,
íåñðàâíèìîå ïîêà ÷òî íè ñ ÷åì áëàãîäåÿ-
íèå äëÿ ÷åëîâå÷åñòâà» (ôðàíöóçñêèé âðà÷
Ë. Ëÿòòåñ).

À.À.  Áîãîìîëåö áûë ñðåäè ïåðâûõ
ó÷¸íûõ, çàëîæèâøèõ ôóíäàìåíò íîâîé
íàóêè � ãåðîíòîëîãèè, àâòîðîì îñíîâíûõ
ïî ñòóëàòîâ  ýòîé  îáëàñòè  çíàíèé .  Ïî
ìíåíèþ À.À. Áîãîìîëüöà, ñòàðåíèå � ýòî
åñòåñòâåííûé ïðîöåññ ðàçâèòèÿ îðãàíèçìà,
âàæíåéøèì ìåõàíèçìîì êîòîðîãî ÿâëÿåòñÿ
íàêîïëåíèå ôóíêöèîíàëüíî íåïîëíîöåííûõ
ýëåìåíòîâ â êëåòî÷íûõ ïóëàõ. Âìåñòå ñ
òåì À.À.  Áîãîìîëåö  îïèñàë  ôåíîìåí
ïðåæäåâðåìåííîãî  ñò àðåíèÿ ,  êîòîðîå
îáóñëîâëåíî ðàçâèòèåì ïàòîëîãè÷åñêèõ
ïðîöåññîâ. Ìåõàíèçìû ïðåæäåâðåìåííîãî
ñòàðåíèÿ � ýòî îäíî èç íàïðàâëåíèé è
ïðîáëåì ñîâðåìåííîé ãåðîíòîëîãèè.

Àëåêñàíäð  Àëåêñàíäðîâè÷  áûë íå
òîëüêî êðóïíåéøèì ó÷¸íûì-òåîðåòèêîì
ìåäèöèíû, íî è íàñòîÿùèì ñîçèäàòåëåì è
îðãàíèçàòîðîì íàóêè â Óêðàèíå. Ïî èíè-
öèàòèâå À.À. Áîãîìîëüöà áûë ñîçäàí â
1930�1934 ãã. Èíñòèòóò ýêñïåðèìåíòàëüíîé
áèîëîãèè è ïàòîëîãèè è Èíñòèòóò êëèíè-
÷åñêîé ôèçèîëîãèè, íà áàçå êîòîðûõ îáðà-
çîâàëñÿ Èíñòèòóò ôèçèîëîãèè ÍÀÍ Óêðàè-
íû, êîòîðûé íîñèò èìÿ àêàäåìèêà À.À. Áî-

ãîìîëüöà. Îí ñîçäàë ýòîò Èíñòèòóò è ôàê-
òè÷åñêè òó ñòðóêòóðó Àêàäåìèè, êîòîðàÿ
ñóùåñòâóåò è ïîíûíå. Ýòà ñèñòåìà èíñòè-
òóòîâ è îòäåëîâ. Ðàíåå, äî À.À. Áîãîìîëü-
öà, Àêàäåìèÿ ñîñòîÿëà èç êàôåäð è òàê
íàçûâàåìûõ êîìèññèé è êàáèíåòîâ.

Òàê, â 1934 ã. Ïðåçèäèóì ÀÍ ÓÑÑÐ
óòâåðäèë îáúåäèíåíèå ìåäèöèíñêèõ êà-
ôåäð ,  êàáèíåòîâ  Àêàäåìèè â  åäèíûé
èíñòèòóò, êîòîðûé áûë íàçâàí ïî ïðåäëî-
æåíèþ À.À.  Áîãîìîëüöà  Èíñòèòóòîì
êëèíè÷åñêîé ôèçèîëîãèè (êàôåäðà ïàòîôè-
çèîëîãèè, êàôåäðà êëèíè÷åñêîé ìåäèöèíû,
êàôåäðà ïàòîëîãè÷åñêîé ìîðôîëîãèè è
äðóãèå). Äðóãèå èíñòèòóòû ñîçäàâàëèñü ïî
ýòîìó ïîäîáèþ.

Íåëüçÿ çàáûòü ïîäâèãà óæå áîëüíîãî
Àëåêñàíäðà Àëåêñàíäðîâè÷à,  êîòîðûé
ñáåðåã âî âðåìÿ âîéíû ÀÍ ÓÑÑÐ, ïðîâåäÿ
ýâàêóàöèþ îáîðóäîâàíèÿ è ñîõðàíèâ êàäðû
ó÷¸íûõ.

Âåñüìà èíòåðåñíûì è ïîó÷èòåëüíûì
ìîìåíòîì â æèçíè À.À. Áîãîìîëüöà áûëî
åãî  ñàìîñòîÿòåëüíîå  è  ìóæåñòâåííîå
ïîâåäåíèå êàê ïðåçèäåíòà ÀÍ ÓÑÑÐ â
ïåðèîä íåîáîñíîâàííûõ ðåïðåññèé è ãîíå-
íèé ó÷¸íûõ â ïåðèîä 1930�1940-å ãã.

Êàê îïèñûâàåò áèîãðàô À.À.  Áîãî-
ìîëüöà Þ.Ã. Âèëåíñêèé, îñåíüþ 1937ã.
ïîñëå ïðåáûâàíèÿ âî Ôðàíöèè íà êîíãðåññå
ïî ïåðåëèâàíèþ êðîâè Àëåêñàíäð Àëåê-
ñàíäðîâè÷ âîçâðàòèëñÿ â Êèåâ è çàñòàë
íåîæèäàííûé «íàåçä» íà àêàäåìèþ. Êàê
îêàçàëîñü, öåëûé ðÿä ñîòðóäíèêîâ àêàäå-
ìèè, â ÷èñëå êîòîðûõ áûëè âûäàþùèåñÿ
ó÷¸íûå äåìîãðàô Ìèõàèë Ïòóõà, îñíîâî-
ïîëîæíèê ýêîíîìè÷åñêîé ãåîãðàôèè â
Óêðàèíå Êîíñòàíòèí Âîáëûé, ñëàâèñò è
âîñòîêîâåä Àãàòàíãåë Êðûìñêèé, êðóïíåé-
øèé ìàòåìàòèê Íèêîëàé Êðûëîâ, ôèçèê
Àëåêñàíäð Ëåéïóíñêèé áûëè îòñòðàíåíû îò
ðàáîòû ïî íàäóìàííûì, âçäîðíûì ïðè÷è-
íàì ïîëèòè÷åñêîãî íåäîâåðèÿ. Óçíàâ îá
ýòîì, êàê ïèøåò Þ.Ã. Âèëåíñêèé, À.À. Áî-
ãîìîëåö åäâà çàéäÿ â êâàðòèðó, íå ñíèìàÿ
ïàëüòî, ïðèíÿëñÿ çâîíèòü â ÖÊ ÊÏ(á)Ó è

²ÑÒÎÐ²ß ÍÀÓÊ
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÷åðåç íåñêîëüêî ìèíóò îòïðàâèëñÿ òóäà
ëè÷íî. Åìó óäàëîñü äîêàçàòü àáñóðäíîñòü
îáâèíåíèé è ÷åðåç íåñêîëüêî äíåé âñå ýòè
ó÷¸íûå áûëè â ñâîèõ êàáèíåòàõ. Ôèçèê
À.Ëåéïóíñêèé ,  â  áóäóùåì ñîçäàòåëü
ÿäåðíûõ ðåàêòîðîâ íà áûñòðûõ íåéòðîíàõ,
ëàóðåàò Ëåíèíñêîé ïðåìèè áûë êîìàí-
äèðîâàí ÀÍ ÑÑÑÐ â Àíãëèþ ê Ðåçåðôîðäó
è èìåë îò íåãî áëåñòÿùèå îòçûâû î ñâîåé
ðàáîòå, íî êàê ÷åëîâåêà, êîòîðûé îáùàëñÿ
ñ èíîñòðàíöàìè, â 1937 ã. åãî àðåñòîâàëè.
Îí áûë îñâîáîæä¸í òîëüêî áëàãîäàðÿ óñè-
ëèÿì À.À. Áîãîìîëüöà.

Õîòåëîñü áû ïðèâåñòè öèòàòû èç âîñïî-
ìèíàíèé Í.Í. Ãîðåâà: «À.À. Áîãîìîëåö â
òå ãîäû (1928) âûãëÿäåë åù¸ ñðàâíèòåëüíî
ìîëîäûì (ìîëîæå ñâîèõ ëåò), áûë âûøå
ñðåäíåãî ðîñòà, õóäîé. Êðóïíàÿ, ñ øèðîêèì
ëáîì ãîëîâà áûëà ïîäñòðèæåíà ïîä áîáðèê,
è  íà  ìåíÿ  ñìîòðåëè áîëüøèå,  âíèìà-
òåëüíûå, ÷¸ðíûå ãëàçà. Êàê ìíå ïîêàçà-
ëîñü, â íèõ ñâåòèëñÿ èíòåðåñ ê ïðèøåëüöó
è êàêàÿ-òî íåóëîâèìàÿ ãðóñòü»*. «Æèçíü
À.À.  Áîãîìîëüöà  áûëà  ñâîåîáðàçíà .
Áîëüøàÿ íàó÷íàÿ, îáùåñòâåííàÿ è ãîñóäàð-
ñòâåííàÿ çàãðóçêà ñìåíèëè åãî ðàáî÷èé
äåíü  íà  íî÷íîå  âðåìÿ ,  êîãäà  îí  ìîã

ñïîêîéíî, áåç ïîìåõ ïðîäóìàòü è îôîðìèòü
òåêóùèå è ïðåäñòîÿùèå äåëà»**. «Ïðèåõàâ
â Êèåâ (èç ýâàêóàöèè) À.À. Áîãîìîëåö ñî
ñâîéñòâåííîé åìó ýíåðãèåé çàíÿëñÿ âîññòà-
íîâëåíèåì ðàáîòû â àêàäåìèè. Äåë áûëî
ïî ãîðëî,  è  îí ðàáîòàë áåç  óñòàëè äî
ïîçäíåé íî÷è... Î÷åíü óñòàâàë, ïðèõîäèë
ïîçäíî ñ ðàáîòû. ×óâñòâîâàëîñü, ÷òî îí
âðåìåíàìè ðàáîòàåò èç ïîñëåäíèõ ñèë... Íî
ìû íå äóìàëè î òîì, ÷òî ìîæíî ïîòåðÿòü
åãî. È ýòî ñëó÷èëîñü ñðàâíèòåëüíî ñêîðî,
ëåòîì 1946 ãîäà»***. È äàëåå: «Â òå÷åíèå
ïî÷òè äâóõ ñóòîê ê ãðîáó óñîïøåãî Àëåê-
ñàíäðà Àëåêñàíäðîâè÷à ïðèõîäèëè òûñÿ÷è
êèåâëÿí. Ïîïóëÿðíîñòü è ëþáîâü ê íåìó
áûëè íåîáû÷àéíî âåëèêè. Ãðîá ñ òåëîì
óñîïøåãî ïîä çâóêè òðàóðíîãî ìàðøà
óñòàíîâèëè íà ïóøå÷íûé ëàôåò, è ïðîöåñ-
ñèÿ â ñîïðîâîæäåíèè ïî÷¸òíîãî âîèíñêîãî
êàðàóëà äâèíóëàñü îò Àêàäåìèè ê Èíñòè-
òóòó...»****.

Íàó÷íîå íàñëåäèå À.À. Áîãîìîëüöà ÷ðåç-
âû÷àéíî âåëèêî è ìíîãîîáðàçíî. Ïðåæäå
âñåãî � ýòî îãðîìíàÿ íàó÷íàÿ øêîëà, â ñîñ-
òàâå êîòîðîé òåîðåòèêè è ïðàêòèêè ìåäè-
öèíû (Í.Í. Ãîðåâ, Ð.Å. Êàâåöêèé, Í.Á. Ìåä-
âåäåâà, Í.Í. Ñèðîòèíèí, Â.Ï. Êîìèññà-

Êàáèíåò-ìóçåé Àëåêñàíäðà Àëåêñàíäðîâè÷à Áîãîìîëüöà â Èíñòèòóòå ôèçèîëîãèè èì. À.À. Áîãîìîëüöà ÍÀÍ
Óêðàèíû
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* Àêàäåìèê Íèêîëàé Íèêîëàåâè÷ Ãîðåâ. Ñòðàíèöû æèçíè. Ïîä ðåä. À.À. Ìîéáåíêî è Â.Â. Áåçðóêîâà. � Ê. Âèäàâíè÷èé
ä³ì «Ïðîñò³ð», 2010, ñòð. 63; ** òàì æå, ñòð. 77; *** òàì æå, ñòð. 86; * òàì æå, ñòð. 87.
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ðåíêî, Ë.Ð. Ïåðåëüìàí, È.Ì. Íåéìàí, Å.À.
Òàòàðèíîâ, Í.Ä. Ñòðàæåñêî, Â.Ï. Ïðîòî-
ïîïîâ è äð.). Åãî ôóíäàìåíòàëüíûå ðàçðà-
áîòêè, èäåè, êîòîðûå îí îñâÿòèë â êíèãàõ:
«Êðèçèñ ýíäîêðèíîëîãèè»,  «Î âåãåòà-
òèâíûõ öåíòðàõ îáìåíà»,  «Ó÷åíèå îá
èììóíèòåòå è àëëåðãèè», «Ðóêîâîäñòâî ïî
ïàòîëîãè÷åñêîé ôèçèîëîãèè», «Ïðîäëåíèå
æèçíè» ëåãëè êðàåóãîëüíûì êàìíåì â
îñíîâó ñîâðåìåííûõ òåîðèé, à ïðèíöèïû
ïðîôèëàêòèêè è ëå÷åíèÿ, ÷òî âûòåêàþò èç
íèõ, øèðîêî ïðèìåíÿþòñÿ â ìåäèöèíå. Ïðè
åãî íåïîñðåäñòâåííîì àêòèâíîì ó÷àñòèè
ñîçäàíû èíñòèòóòû ôèçèîëîãèè, îíêîëîãèè,
ýíäîêðèíîëîãèè, ãåðîíòîëîãèè, êîòîðûå
ñîñòàâëÿþò îñíîâó îäíîãî èç îòäåëåíèé

ÍÀÍ Óêðàèíû. È, íàêîíåö, � ñàìà ñîçäàí-
íàÿ À.À. Áîãîìîëüöåì è ñóùåñòâóþùàÿ è
ïîíûíå ÍÀÍ Óêðàèíû, êîòîðóþ îí âîçãëàâ-
ëÿë 16 íåëåãêèõ ëåò � ñàìàÿ áîëüøàÿ åãî
çàñëóãà.

À.À. Áîãîìîëüöó áûëà ñóæäåíà âåëè-
÷àéøàÿ ìèññèÿ â íàóêå, à åãî ëè÷íîñòü è
õàðèçìà â ñîâðåìåííîé èñòîðèè íàóêè îáóñ-
ëàâëèâàåò òîò ôàêò, ÷òî åãî ó÷åíèå ïðèíàä-
ëåæèò íå òîëüêî ïðîøëîìó è íàñòîÿùåìó,
íî è áóäóùåìó. Èìÿ ó÷åíîãî â íàøå âðåìÿ
óêðàøàåò íå òîëüêî óêðàèíñêóþ íàóêó, �
âñå, ÷òî îí ñäåëàë çà ñâîþ òâîð÷åñêóþ
æèçíü èìååò îãðîìíîå çíà÷åíèå äëÿ âñåõ
æèâóùèõ íà çåìëå è íå ìîæåò íå âûçûâàòü
ãëóáîêîé áëàãîäàðíîñòè.

²ÑÒÎÐ²ß ÍÀÓÊ

Ïðåçèäåíò Íàó÷íîãî îáùåñòâà
ïàòîôèçèîëîãîâ Óêðàèíû,
àêàäåìèê ÍÀÍ Óêðàèíû À.À. Ìîéáåíêî

Íàó÷íûé ñåêðåòàðü Ñ.È. Ïàâëîâè÷
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Îëåã Îëåêñàíäðîâè÷ Áîãîìîëåöü
(äî 100-ð³÷÷ÿ ç äíÿ íàðîäæåííÿ)

²ñòîð³ÿ ²íñòèòóòó ³ìåí³ Î.Î.Áîãîìîëüöÿ
ìàº áàãàòî ³ìåí âèäàòíèõ ó÷åíèõ,  ùî
ïðîñëàâèëè â³ò÷èçíÿíó íàóêó. Íèí³ ìè
çãàäóºìî ÷ëåíà-êîðåñïîíäåíòà ÍÀÍ Óêðà¿-
íè, äèðåêòîðà ²íñòèòóòó ç 1946 ïî 1953 ðð.
Îëåãà Îëåêñàíäðîâè÷à Áîãîìîëüöÿ, ÿêèé
ñôîðìóâàâñÿ ÿê äîñë³äíèê, íàáóâ íàóêîâîãî
àâòîðèòåòó é âèçíàííÿ çà ðîêè ðîáîòè â
³íñòèòóò³, î÷îëþâàâ éîãî ó íàéá³ëüø ñêðóò-
íèé ïåð³îä ïîë³òè÷íîãî òèñêó íà ðîçâèòîê
íàóêè.

Íàðîäèâñÿ Îëåã Îëåêñàíäðîâè÷ 26 ëþ-
òîãî 1911 ð. ó ì. Îäåñà, â ðîäèí³ ìîëîäîãî
ïðèâàò-äîöåíòà êàôåäðè çàãàëüíî¿ ïàòî-
ëîã³¿ Íîâîðîñ³éñüêîãî óí³âåðñèòåòó Îëåê-
ñàíäðà Îëåêñàíäðîâè÷à Áîãîìîëüöÿ òà
ë³êàðÿ-ïåä³àòðà Îëüãè Ãåîðã³¿âíè Òèõîöüêî¿.
Îñê³ëüêè â öüîìó ñàìîìó ðîö³ áàòüêà áóëî
îáðàíî ïðîôåñîðîì êàôåäðè çàãàëüíî¿
ïàòîëîã³ ¿  Ñàðàòîâñüêîãî óí³âåðñèòåòó,
ðîäèíà ïåðå¿õàëà äî Ñàðàòîâà. Ï³äâàëèíè
ñâ³äîìîñò³ äèòèíè çàêëàäàëèñü ÿê áàòüêà-
ìè, òàê ³ ä³äîì � çåìñüêèì ë³êàðåì Îëåê-
ñàíäðîì Ìèõàéëîâè÷åì Áîãîìîëüöåì. Äî
ê³íöÿ ñâîãî æèòòÿ (1935 ð.) â³í áóâ áëèçü-
êèì äðóãîì ³ ïîðàäíèêîì ñâîãî ñèíà Îëåê-
ñàíäðà, ³ ºäèíîãî âíóêà Îëåãà. Ó 1925 ð.
áàòüêà áóëî îáðàíî íà ïîñàäó çàâ³äóâà÷à
êàôåäðè ïàòîëîã³÷íî¿ ô³ç³îëîã³¿ ìåäè÷íîãî
ôàêóëüòåòó ²² Ìîñêîâñüêîãî äåðæàâíîãî
óí³âåðñèòåòó. Ðîäèíà çì³íèëà ì³ñöå ïðîæè-
âàííÿ íà Ìîñêâó.

Ìîëîäü Ðàäÿíñüêîãî Ñîþçó ó ò³ ðîêè áó-
ëà çîð³ºíòîâàíà óðÿäîì íà ³íäóñòð³àë³çàö³þ,
åëåêòðèô³êàö³þ, ñóñï³ëüíó àêòèâí³ñòü, ãî-
òîâí³ñòü äî ïðàö³ é îáîðîíè, îñâîºííÿ òåõ-
í³÷íèõ äèñöèïë³í. Ìîëîä³æí³ îðãàí³çàö³¿
äàâàëè ìîæëèâ³ñòü óñ³ì áàæàþ÷èì ñåðéîç-
íî çàéìàòèñÿ ðàä³îòåõí³êîþ òà àâ³àìîäå-
ëþâàííÿì. Ïåðâèíí³ îñåðåäêè òîâàðèñòâà

ÎÑÎÂ²ÀÕ²Ì øèðîêî çàëó÷àëè ìîëîäü äî
íàâ÷àííÿ ó ãóðòêàõ, ùî äàâàëè ÿê äîñòàòí³
çíàííÿ, òàê ³ ïðàêòè÷í³ íàâèêè. Îëåã Îëåê-
ñàíäðîâè÷ çàõîïëþâàâñÿ êîíñòðóþâàííÿì
ðàä³îïðèéìà÷³â ³ ï³ñëÿ çàíÿòü ó ãóðòêó
ïî÷àâ â³äâ³äóâàòè ÷îòèðèð³÷í³ âèðîáíè÷î-
òåõí³÷í³ ñïåöêóðñè (òåõí³êóì) Ìîñêîâñü-
êîãî â³ää³ëåííÿ Êîì³ñàð³àòó íàðîäíî¿ îñâ³-
òè. Çàõîïëåííÿ êîíñòðóþâàííÿì âèì³ðþ-
âàëüíèõ ïðèëàä³â ³ íàëàãîäæåííÿì ðàä³î-
òåõí³÷íèõ ñõåì çáåð³ãàâ ïðîòÿãîì óñüîãî
æèòòÿ. Àëå, â³ðîã³äíî, ï³ä âïëèâîì ñ³ìåéíèõ
òðàäèö³é, äëÿ ïîäàëüøîãî íàâ÷àííÿ â³í
îáðàâ ìåäèöèíó. Âîñåíè 1928 ð. óñï³øíî
ñêëàâ âñòóïí³ ³ñïèòè íà ë³êóâàëüíèé ôàêóëü-
òåò ²² Ìîñêîâñüêîãî ìåäè÷íîãî ³íñòèòóòó.

Â³ääàþ÷è íàëåæíå ìåäè÷í³é îñâ³ò³, Îëåã
Îëåêñàíäðîâè÷ óæå ó çð³ëîìó â³ö³ ³ðîí³÷íî
ïðèãàäóâàâ ãðóïîâ³ ìåòîäè íàâ÷àííÿ òîãî
÷àñó. Âîíè ïîëÿãàëè ó òîìó, ùî íà ëåêö³þ
àáî ïðàêòè÷íå çàíÿòòÿ ïðèõîäèëè âñ³ ÷ëåíè
ãðóïè. Ïðîòå íà çàë³êàõ àáî åêçàìåíàõ çà
âñ³õ â³äïîâ³äàâ ëèøå îäèí ñòóäåíò � òîé,
õòî íàéêðàùå çíàâ ïðåäìåò. Îö³íêó æ çà
â³äïîâ³äü âèñòàâëÿëè âñ³ì ñòóäåíòàì ãðó-
ïè. Ó ðîë³ â³äïîâ³äà÷à ç á³ëüøîñò³ äèñöèïë³í
íàé÷àñò³øå âèñòóïàâ Îëåã Áîãîìîëåöü.
Íàâ³òü íà òîé ÷àñ â³í íàáàãàòî êðàùå çà
³íøèõ ðîçáèðàâñÿ ó ïðîáëåìàõ á³îëîã³¿ òà
ìåäèöèíè. Ïåâíó ðîëü ó öüîìó, çâè÷àéíî,
â³ä³ãðàëà ñ³ìåéíà àòìîñôåðà, äå êîæíà ïðî-
ôåñ³éíà íîâèíà àáî ñêëàäí³ êë³í³÷í³ âèïàäêè
îáãîâîðþâàëèñü ó äîìàøíüîìó êîë³ ôàõ³â-
ö³â.

Ó 1929 ð. áàòüêà îáèðàþòü ä³éñíèì
÷ëåíîì Àêàäåì³¿ íàóê, à ó 1930 � Ïðåçè-
äåíòîì Àêàäåì³ ¿  íàóê  ÓÐÑÐ.  Ðîäèíà
ïåðå¿çäèòü äî Êèºâà. Ï�ÿòèé êóðñ ìåäè÷íî¿
îñâ³òè Îëåã Áîãîìîëåöü íàáóâàº âæå ó ²
Êè¿âñüêîìó ìåäè÷íîìó ³íñòèòóò³. Ó ñ³÷í³
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1934 ð. â³í óñï³øíî ñêëàäàº âñ³ ³ñïèòè òà
îòðèìóº äèïëîì ë³êàðÿ, à ç ëþòîãî � ðîç-
ïî÷èíàº ïðàöþâàòè ó â³ää³ë³ åêñïåðèìåí-
òàëüíî¿ õ³ðóðã³¿ ²íñòèòóòó åêñïåðèìåíòàëü-
íî¿ á³îëîã³¿ ³ ïàòîëîã³¿ Íàðêîìàòó çäîðîâ�ÿ
ÓÐÑÐ. Îñíîâíîþ òåìîþ éîãî äîñë³äæåíü
ñòàº ïåðåëèâàííÿ êðîâ³,  çáåðåæåííÿ ¿ ¿
ô³çèêî-õ³ì³÷íèõ ³ á³îëîã³÷íèõ âëàñòèâîñòåé.
Äëÿ êîíòðîëþ ñòàíó êðîâ³ áóëî âèêîðèñòàíî
äîñèòü ñêëàäíó á³îô³çè÷íó ìåòîäèêó âèì³-
ðþâàíü ðåäîêñ- ïîòåíö³àëó çðàçê³â íåîäíà-
êîâîãî òåðì³íó çáåð³ãàííÿ ç çàñòîñóâàííÿì
ð³çíèõ ìåòîä³â ñòàá³ë³çàö³¿. Òîé, õòî ïðà-
öþâàâ ç ö³ºþ ìåòîäèêîþ, äîáðå çíàº, ÷îãî
âàðòèé ëèøå îäèí ïðîöåñ ñòàíäàðòèçàö³¿
ïîêàçàíü  ïëàòèíîâîãî  åëåêòðîäà .  Íà
çàñ³äàíí³ â÷åíî¿ ðàäè Êè¿âñüêîãî ìåäè÷íîãî
³íñòèòóòó 26 ãðóäíÿ 1937 ð. Îëåã Îëåêñàíä-
ðîâè÷ óñï³øíî çàõèñòèâ êàíäèäàòñüêó äè-
ñåðòàö³þ é îòðèìàâ ñâîº ïåðøå íàóêîâå
çâàííÿ.

Òåõí³÷í³ çíàííÿ ìîëîäîãî íàóêîâöÿ òà
ë³êàðÿ âò³ëþâàëèñÿ â ðîçðîáêó îðòîïåäè÷-
íèõ ïðèñòðî¿â, ÿêèõ ïîòðåáóâàëè õâîð³, òà
ùå á³ëüø ñêëàäíèõ àïàðàò³â äëÿ ïðîâå-
äåííÿ åêñïåðèìåíò³â íà òâàðèíàõ. Çàâäÿêè
íàÿâíîñò³ ïðè ²íñòèòóò³ åêñïåðèìåíòàëüíî¿
á³îëîã³¿ ³ ïàòîëîã³¿ äîñë³äíî-êîíñòðóêòîðñü-
êèõ ìàéñòåðåíü, äîáðå îáëàäíàíèõ âåðñòà-
òàìè, Îëåã Îëåêñàíäðîâè÷ ìàâ ìîæëèâ³ñòü
áðàòè ó÷àñòü ó êîíñòðóêòîðñüê³é ðîçðîáö³,
íàëàãîäæåíí³ òà âèêîðèñòàíí³ ïåðøîãî â
êðà¿í³ àïàðàòà øòó÷íîãî êðîâîîá³ãó àâòî-
æåêòîðà. Ñàìå öåé àïàðàò áóâ çãîäîì çàñ-
òîñîâàíèé ó äîñë³äàõ ïðîôåñîð Ñ.Ñ. Áðþ-
õîíåíêî, à ï³çí³øå � â ðîáîòàõ ç îæèâëåííÿ
òâàðèí, çä³éñíþâàíèõ Ì.Ì. Ñèðîòèí³íèì ³
Â.Ä. ßíêîâñüêèì.

Íà ïî÷àòêó 40-õ ðîê³â ìèíóëîãî ñòîð³÷-
÷ÿ ë³êàð³ ð³çíèõ ïðîôåñ³é âåëèêó óâàãó ïðè-
ä³ëÿëè âèâ÷åííþ òåðàïåâòè÷íèõ ìîæëèâîñ-
òåé ðîçðîáëåíî¿ ùå ó 1925 ð. Îëåêñàíäðîì
Îëåêñàíäðîâè÷åì Áîãîìîëüöåì àíòèðåòè-
êóëÿðíî¿ öèòîòîêñè÷íî¿ ñèðîâàòêè (ÀÖÑ).
Äîñë³äíèêàìè áóëî ïîêàçàíî, ùî âåëèê³
äîçè ÀÖÑ ìîæóòü ãàëüìóâàòè ðîçâèòîê

ìåòàñòàç³â çëîÿê³ñíèõ ïóõëèí ³ ïðèãí³÷óâàòè
ïðîë³ôåðàö³þ êë³òèí. Ìàë³ äîçè, íàâïàêè,
àêòèâóâàëè ô³ç³îëîã³÷íó ðåãåíåðàö³þ òà
ï³äâèùóâàëè ðåàêòèâí³ñòü îðãàí³çìó. Äëÿ
äîðîñëî¿  ëþäèíè ñòèìóëþâàëüíà äîçà
ñòàíîâèòü 0,05�0,1 ñì3 ïðè òèòð³ ñèðîâàòêè
1:100 � 1:200. Âîíà äàº çìîãó ñïåöèô³÷íî
ï³äâèùóâàòè ð³âåíü æèòòåä³ÿëüíîñò³ êë³òèí
ñèñòåìè ñïîëó÷íî¿ òêàíèíè. Ïîçèòèâíèé
âïëèâ ìàëèõ äîç ÀÖÑ áóëî ï³äòâåðäæåíî
ïðè ãîñòðîìó ñóãëîáîâîìó ðåâìàòèçì³,
³íôåêö³éíèõ çàõâîðþâàííÿõ, ã³íåêîëîã³÷-
íîìó ñåïñèñ³, äåÿêèõ ôîðìàõ íåéðî³íôåêö³é
³ øèçîôðåí³¿. Åôåêòèâí³ñòü ÀÖÑ ïðè ð³çíèõ
çàõâîðþâàííÿõ Îëåêñàíäð Áîãîìîëåöü
ïîÿñíþâàâ íå ¿¿ ïîë³âàëåíòí³ñòþ, à ñïåöè-
ô³÷íîþ ä³ºþ íà êë³òèíè ô³ç³îëîã³÷íî¿
ñèñòåìè ñïîëó÷íî¿ òêàíèíè, íàÿâí³ ³  â
ê³ñòêîâîìó ìîçêó, ³ â çàëîçàõ âíóòð³øíüî¿
ñåêðåö³¿, ³ â ãîëîâíîìó ìîçêó ó âèãëÿä³
íåéðîãë ³ ¿ .  Â ³í  íàãîëîøóâàâ ,  ùî ñ àìå
ãë³àëüí³ êë³òèíè ãîëîâíîãî ìîçêó âèêîíóþòü
òðîô³÷íå çàáåçïå÷åííÿ ä³ÿëüíîñò³ íåéðîí³â.
Îäíèì ç íåäîñòàòíüî âèâ÷åíèõ åëåìåíò³â
ô³ç³îëîã³÷íî¿ ñèñòåìè ñïîëó÷íî¿ òêàíèíè
çàëèøàëàñÿ ê³ñòêîâà òêàíèíà. Ö³ äîñë³ä-
æåííÿ áàòüêî äîðó÷èâ ñèíîâ³.

Ìîëîäèé ë³êàð Îëåã Áîãîìîëåöü ï³ñëÿ
îçíàéîìëåííÿ ç äîñë³äæåííÿìè ïîïåðåä-
íèê³â ðîçïî÷àâ åêñïåðèìåíòè íà êðîëÿõ,
ïîð³âíþþ÷è òåìïè çðîùåííÿ òðàâìîâàíèõ
ê³ñòîê êîíòðîëüíèõ êðîë³â ³ òâàðèí, ÿêèì
ââîäèëè ìàë³ äîçè ÀÖÑ. Ïðîòå â³í íå
îáìåæóâàâñÿ âèêëþ÷íî íàóêîâî-äîñë³äíîþ
ðîáîòîþ, à, ÿê ³ á³ëüø³ñòü ìîëîäèõ ë³êàð³â,
îñíîâíó ÷àñòèíó ÷àñó ïðèñâÿ÷óâàâ ïðàê-
òè÷í³é ìåäèöèí³, ïðàöþþ÷è íà áàç³ ïåðøî¿
êë³í³êè Êè¿âñüêîãî  ³íñòèòóòó îðòîïåä³¿ òà
òðàâìàòîëîã³¿ ï³ä êåð³âíèöòâîì Îëåêñàíäðà
Ãðèãîðîâè÷à ªëåöüêîãî. Óâàãó íàóêîâöÿ
ïðèâåðòàþòü âåëèê³ ðîçá³æíîñò³ ó øâèä-
êîñò³ îäóæàííÿ õâîðèõ ï³ñëÿ òðàâì. Ïðè
çîâí³ ð³âíèõ óìîâàõ � îäíàêîâ³ òèï ïîøêîä-
æåííÿ ê³ñòêîâî¿ òêàíèíè, ìåòîäè ë³êóâàííÿ,
â³ê ³ ñòàòü � òðèâàë³ñòü çðîùåííÿ ïåðåëîì³â
ó ð³çíèõ ïàö³ºíò³â ³ñòîòíî â³äð³çíÿºòüñÿ.

²ÑÒÎÐ²ß ÍÀÓÊ
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Ðîáî÷à ã³ïîòåçà ïðè÷èíè òàêîãî ÿâèùà, çà
ïðèïóùåííÿì Îëåãà Áîãîìîëüöÿ,  � öå
ð³çíèöÿ ðåàêòèâíîñò³ êë³òèííèõ åëåìåíò³â
ê³ñòêîâî¿ òêàíèíè. Àäæå ñàìå ñïîëó÷íà
òêàíèíà ê³ñòêè â³äíîâëþº ¿¿  ìåõàí³÷í³
âëàñòèâîñò³ òà àíàòîì³÷íó ñòðóêòóðó. Âîä-
íî÷àñ â³í ïðîäîâæóº àêòèâíó ðîáîòó â
îñåðåäêó ÎÑÎÂ²ÀÕ²Ìó.

Ó 1939 ð. Îëåã Áîãîìîëåöü ïóáë³êóº
îäåðæàí³ íèì ðåçóëüòàòè åêñïåðèìåíò³â íà
òâàðèíàõ. Âîíè ïîêàçàëè, ùî ñòâîðåíà
áàòüêîì ÀÖÑ çä³éñíþº ñïåöèô³÷íó ñòèìó-
ëþâàëüíó ä³þ íà îñíîâí³ êë³òèíí³ åëåìåíòè
ê³ñòêîâî¿ òêàíèíè, ÿê³ â³äïîâ³äàþòü çà
â³äíîâëåííÿ ïîøêîäæåííÿ, � îñòåîáëàñòè.
Ìàë³  äîçè ÀÖÑ àêòèâó âàëè íå  ò ³ëüêè
ê³ñòêîâèé ìîçîê ³ êðîâîòâîðåííÿ, àëå é
ïîñèëþâàëè ïðîë³ôåðàòèâíó àêòèâí³ñòü
êë³òèí ³  ñêîðî÷óâàëè ÷àñ â³äíîâëåííÿ
ïîøêîäæåíèõ òðàâìîþ ê³ñòîê. Äåòàëüíå
äîñë³äæåííÿ ïàòîô³ç³îëîã³¿ òà ìîðôîëîã³¿
ð³çíèõ ñòàä³é ðîçâèòêó ðåïàðàòèâíî¿ ðåãå-
íåðàö³¿ ñòàëî òåìîþ äîêòîðñüêî¿ äèñåðòàö³¿
Îëåãà Áîãîìîëüöÿ. Ó íàãîä³ ñòàëè âñ³ òåõ-
í³÷í³ íàâè÷êè ïîïåðåäí³õ ðîê³â íàâ÷àííÿ �
âì³ííÿ ïðàöþâàòè íà òîêàðíîìó âåðñòàò³,
òðèìàòè â ðóêàõ òåñòåð ³ ïàÿëüíèê, ñàìîñ-
ò³éíî çàáåçïå÷óâàòè ðîáîòó íåîáõ³äíèìè
ïðèñòðîÿìè òà îáëàäíàííÿì. Êîíòðîëü
òåìï³â ðåãåíåðàö³¿ ê³ñòîê äèñåðòàíò çä³é-
ñíþâàâ çà àíàòîì³÷íèìè, ðåíòãåíîãðàô³÷-
íèìè, ì³êðîñêîï³÷íèìè òà êë³í³÷íèìè ïî-
êàçíèêàìè.

Ðåçóëüòàòè ñïîñòåðåæåíü ï³äòâåðäèëè,
ùî â³äíîâëåííÿ ôóíêö³¿ ó õâîðèõ, ÿê³ îòðè-
ìóâàëè ÀÖÑ, â³äáóâàºòüñÿ íàáàãàòî øâèä-
øå, í³æ ó ïàö³ºíò³â ãðóïè ïîð³âíÿííÿ. Âæå
íà êîíôåðåíö³¿ ç ô³ç³îëîã³÷íî¿ ñèñòåìè
ñïîëó÷íî¿ òêàíèíè, ùî ïðîõîäèëà ó Êèºâ³ â
ãðóäí³ 1940 ð., Îëåã Îëåêñàíäðîâè÷ äîâ³â
ïîçèòèâíó ä³þ ìàëèõ äîç ÀÖÑ íà â³äíîâ-
ëåííÿ ñòðóêòóðè òà ôóíêö³é òðàâìîâàíèõ
ê³ñòîê ê³íö³âîê. Íà ï³äñòàâ³ îïóáë³êîâàíèõ
íèì äàíèõ Íàóêîâà Ìåäè÷íà Ðàäà Íàðêî-
ìàòó çäîðîâ�ÿ ÓÐÑÐ ðåêîìåíäóâàëà çàñòî-
ñóâàííÿ ÀÖÑ ïðè òðèâàëî íåçðîñòàþ÷èõ

ïåðåëîìàõ ê³ñòîê. Íàâ³òü íà ïî÷àòêó íàñ-
òóïíîãî 1941 ð. í³õòî íå ì³ã ³ ïîäóìàòè, íàñ-
ê³ëüêè âàæëèâîþ ñòàíå öÿ ðåêîìåíäàö³ÿ ó
íàéáëèæ÷îìó ìàéáóòíüîìó�

Çâè÷àéíî, ç ïîãëÿäó ñó÷àñíîãî ïåðåñ³÷-
íîãî ãðîìàäÿíèíà, áóòè ñèíîì Ïðåçèäåíòà
íå ò³ëüêè ïî÷åñíî, àëå é âèã³äíî. Àëå ó ðîêè
äîì³íóâàííÿ êîìóí³ñòè÷íî¿ ìîðàë³ áàòüêè
çîâñ³ì ³íàêøå ðîçóì³ëè òà âèêîíóâàëè ñâî¿
ðîäèíí³ îáîâ�ÿçêè. Áàòüêî Îëåãà Áîãîìîëü-
öÿ í³êîëè íå áóâ ÷ëåíîì êîìóí³ñòè÷íî¿ ïàð-
ò³¿. Ïðîòå, êîëè íà éîãî ñò³ë ëÿãëè ïàïåðè
â³ä äèðåêòîðà ²íñòèòóòó õ³ì³¿ � ïðåäñòàâ-
ëåííÿ íà óðÿäîâ³ íàãîðîäè äëÿ ãðóïè õ³ì³ê³â,
ùî ñèíòåçóâàëè íîâèé ë³êàðñüêèé ïðåïàðàò,
â³í âèêðåñëèâ ç³ ñïèñêó ºäèíå ïð³çâèùå �
Çî¿ Â�ÿ÷åñëàâ³âíè Áîãîìîëåöü�Ñíºæêî, äðó-
æèíè ñâîãî ñèíà. Ïðè öüîìó â³í ïðåêðàñíî
çíàâ, ùî âîíà áóëà àêòèâíèì ÷ëåíîì êîëåê-
òèâó, ³í³ö³àòîðîì ê³ëüêîõ óäîñêîíàëåíü ñïî-
ñîá³â ñèíòåçó é î÷èñòêè ïðåïàðàòó, ïðî ùî
âîíà íå ðàç óäîìà ðîçïîâ³äàëà òåñòþ� À
ñèíîâ³ ïîÿñíèâ: «Çîÿ ìîëîäà, ùå âñòèãíå
îäåðæàòè íàãîðîäè�». Ìåí³ öå ñòàëî â³äî-
ìî ç óñò Çî¿ Â�ÿ÷åñëàâ³âíè. Òàêå ñóâîðå
â³äíîøåííÿ áóëî â íüîãî ³ äî óñï³õ³â ð³äíîãî
ñèíà.

Êð³ì ôóíêö³é íàóêîâîãî ñï³âðîá³òíèêà,
Îëåã Áîãîìîëåöü âèêîíóâàâ ùå îäèí, íå
ìåíø âàãîìèé, ìîæëèâî íàáàãàòî á³ëüø
îáòÿæëèâèé ñ³ìåéíèé îáîâ�ÿçîê � ð³äíîãî
ñèíà. Ó ò³ ðîêè Ïðåçèäåíò ÀÍ ÓÐÑÐ ïðåê-
ðàñíî ðîçóì³â, ùî ä³ºòüñÿ ó êðà¿í³, çíàâ ùî
ó äåÿêèõ íàóêîâèõ êîëåêòèâàõ ðàïòîâî çíè-
êàëè ïðîâ³äí³ ôàõ³âö³. Íå ðàç õîäèâ ó â³äïî-
â³äí³ ³íñòàíö³¿, ùîñü äîâîäèâ� Áàãàòüîõ
ïîâåðòàâ äî íàóêîâî¿ ðîáîòè, ïðî ùî ç âäÿ÷-
í³ñòþ äîñ³ çãàäóþòü ¿õí³ íàùàäêè. Íå âñå
ì³ã äîâ³ðèòè îô³ö³éíèì ïîì³÷íèêàì. Àëå
ìàâ îäíó, ïîâí³ñòþ äîâ³ðåíó îñîáó. Âëàñ-
íîãî ñèíà. Äåÿê³ ñïðàâè äîðó÷àâ âèíÿòêîâî
Îëåãó. Îñü ïðî ÿêèé âèïàäîê ÿ ä³çíàâñÿ â³ä
ñèíà Ïðåçèäåíòà. Íà÷àëüíèê â³ää³ëó êàäð³â
Ïðåçèä³¿ ÀÍ ÓÐÑÐ çàéøîâ äî êàá³íåòó
Îëåêñàíäðà Îëåêñàíäðîâè÷à ³ ïîïðîñèâ
çðàçîê ï³äïèñó Ïðåçèäåíòà, ïîäàâøè ÷èñ-
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òèé àðêóø ïàïåðó. Òðîõè ïîì³ðêóâàâøè,
Îëåêñàíäð Îëåêñàíäðîâè÷ ñâî¿ì êàë³ãðà-
ô³÷íèì ïî÷åðêîì ã³ìíàçèñòà-â³äì³ííèêà
íàïèñàâ: «Çðàçîê ï³äïèñó Î.Î. Áîãîìîëüöÿ
íà ïðîõàííÿ íà÷àëüíèêà â³ää³ëó êàäð³â Ïðå-
çèä³¿ ÀÍ ÓÐÑÐ (ïð³çâèùå, ³ì�ÿ, ïî áàòüêîâ³)
íàäàþ. Äàòà. Ï³äïèñ � Áîãîìîëåöü.» Â³í
äîáðå çíàâ ÷îãî âàðòèé ï³äïèñ íà ÷èñòîìó
àðêóø³.

Ó æèòò³ Îëåãà Îëåêñàíäðîâè÷à áóâàëè
íå ò³ëüêè äîñë³äíèöüê³ òà ë³êàðñüê³, àëå é
äèïëîìàòè÷í³ ì³ñ³¿. ² êîëè â Îðãàí³çàö³¿
Îá�ºäíàíèõ Íàö³é ó Íüþ-Éîðêó ÷è Æåíåâ³
íåîáõ³äíî áóëî îáãîâîðþâàòè àáî ï³äïè-
ñóâàòè îñîáëèâî âàæëèâ³ äëÿ êðà¿íè äîêó-
ìåíòè � òóäè ¿çäèâ îô³ö³éíèé ïðåäñòàâíèê
ïðîôåñîð Îëåã Îëåêñàíäðîâè÷ Áîãîìîëåöü.
Ñàìå éîãî ïð³çâèùå â³ä ³ìåí³ Óêðà¿íñüêî¿
Ðàäÿíñüêî¿  Ñîö³àë³ñòè÷íî¿  Ðåñïóáë³êè
ñòî¿òü ï³ä Ì³æíàðîäíîþ Êîíâåíö³ºþ ïðî
íåðîçïîâñþäæåííÿ íàðêîòè÷íèõ ðå÷îâèí ³
áîðîòüáó ç íàðêîìàí³ÿìè, ï³äïèñàíîþ ó
Øâåéöàð³¿.

Ïî÷àòîê â³éíè. Ï³äãîòîâêà äî åâàêóàö³¿
³íñòèòóò³â ÀÍ ÓÐÑÐ. Íå âèñòà÷àº í³ ÷àñó,
í³ âàãîí³â. Ó ö³ äí³ âæå íå äî ïàòîô³ç³î-
ëîã³¿�Îëåã âåñü ÷àñ ïîðÿä ç áàòüêîì, âåñü
÷àñ ó íàïðóæåíí³, ó àâðàëüí³é ï³äãîòîâ÷³é
ðîáîò³� Òå, ùî íå ìîæíà âèâåçòè � òðåáà
íàä³éíî ñõîâàòè. Òå, ùî áóäå ïîòð³áíî äëÿ
ðîáîòè â òèëó, � çàêîíñåðâóâàòè, óïàêóâàòè,
äîâåçòè�Îëåã Îëåêñàíäðîâè÷ âèêîíóâàâ
îñíîâíó ÷àñòèíó îðãàí³çàö³éíèõ ñïðàâ,
ïîâ�ÿçàíèõ ç ïåðå¿çäîì ³íñòèòóòó é ñï³âðî-
á³òíèê³â ó òèë êðà¿íè, äî Óôè. Â³éíà âèñóâàº
é íîâ³, íåâ³äêëàäí³ çàâäàííÿ, çóìîâëåí³
ìàñîâîþ òðàâìàòèçàö³ºþ ÿê â³éñüêîâèõ,
òàê ³ öèâ³ëüíîãî íàñåëåííÿ. Â³éíà ïðîëèâàº
áàãàòî êðîâ³. À òåõí³êó â³äíîâíîãî ïåðåëè-
âàííÿ êðîâ³ âæå áàãàòî ðîê³â äåòàëüíî âèâ-
÷àëè ³ âäîñêîíàëþâàëè ñòàðøèé ³ ìîëîäøèé
Áîãîìîëüö³. Òîìó íå äèâíî, ùî âîñåíè 1941 ð.
Îëåãà Îëåêñàíäðîâè÷à ïðèçíà÷àþòü äè-
ðåêòîðîì Áàøêèðñüêî¿ ðåñïóáë³êàíñüêî¿
ñòàíö³¿ ïåðåëèâàííÿ êðîâ³. Â³í îðãàí³çîâóº
ìåðåæó ðàéîííèõ ñòàíö³é, â³äïîâ³äàº çà

ïîñòà÷àííÿ äîíîðñüêî¿ êðîâ³, êîíòðîëþº
ïðàâèëüí³ñòü ¿¿ âèêîðèñòàííÿ ó ãîñï³òàëÿõ.
Íàéâ³äïîâ³äàëüí³øà ä³ëÿíêà çáåðåæåííÿ
æèòòÿ é â³äíîâëåííÿ çäîðîâ�ÿ ïîðàíåíîãî
çàëåæàëà â³ä áåçïåðåá³éíî¿ ðîáîòè ñëóæáè
êðîâ³. Ðåñïóáë³êàíñüêà ñòàíö³ÿ ïåðåëèâàí-
íÿ êðîâ³ ñâî¿ ôóíêö³¿ âèêîíàëà íà «â³äì³ííî».

Êð³ì îðãàí³çàö³éíî¿ ðîáîòè, Îëåã Îëåê-
ñàíäðîâè÷ ïðàöþº ë³êàðåì åâàêîãîñï³òàëþ
¹1741, äå âèêîðèñòîâóº ââåäåííÿ ìàëèõ
äîç ÀÖÑ ïîðàíåíèì äëÿ ïðèñêîðåííÿ êîí-
ñîë³äàö³¿ òðàâìîâàíèõ ê³ñòîê ³ ñêîðî÷åííÿ
ïåðåáóâàííÿ ïîðàíåíèõ ó ãîñï³òàëÿõ.

Âîñåíè 1943 ð. âñþ êðà¿íó îáëåò³ëà
ðàä³ñíà íîâèíà � 6 ëèñòîïàäà Ðàäÿíñüêà
àðì³ÿ çâ³ëüíèëà Êè¿â â³ä í³ìåöüêèõ îêóïàí-
ò³â. Ùî ³ â ÿêîìó ñòàí³ çàëèøèëîñÿ â³ä
óñòàíîâ Àêàäåì³¿ íàóê çà ðîêè â³éíè áóëî
íåâ³äîìî.  Òîìó íà ñïåö³àëüí³é íàðàä³
Ïðå çèäåíò à  ÀÍ ÓÐ ÑÐ áóëî  ñòâîðåíî
«ðîçâ³äóâàëüíó» ãðóïó. Äî ¿¿ ñêëàäó óâ³éøîâ
³ Îëåã Áîãîìîëåöü. Íà ïî÷àòêó ëþòîãî
1944 ð. ãðóïà ïðèáóëà äî Êèºâà. ßê âèÿâè-
ëîñÿ, ãîëîâíèé êîðïóñ ³íñòèòóòó çáåð³ãñÿ,
ìîæëèâî, òîìó, ùî ó ïåð³îä îêóïàö³¿ éîãî
çàéìàëà Êè¿âñüêà îêóïàö³éíà êîìåíäàòóðà.
Ïðèì³ùåííÿ áóëî çàì³íîâàíî. À âèáóõó íå
áóëî. ßê ðîçïîâ³äàëè êèÿíè, äðîòè äåòîíà-
òîð³â ïåðåð³çàëà ñòàðåíüêà ïðèáèðàëüíèöÿ
³íñòèòóòó, ÿêà ùå äî â³éíè ïðàöþâàëà â
íüîìó. Â äåÿêèõ ê³ìíàòàõ áóëè çàëèøåí³
ìàñèâí³ ñòàëåâ³ ñåéôè ç í³ìåöüêèìè îðëàìè
íà äâåðöÿòàõ. Â³éñüêîâ³ ñàïåðè ðîçð³çàëè ¿õ
ç òèëüíî¿ ïîâåðõí³. Äî äâåðöÿò êîæíîãî
ñåéôà ç ñåðåäèíè áóëè çàêð³ïëåí³ äåòî-
íàòîðè ïðîòèòàíêîâèõ ì³í.  Ì³íè áóëè
çíåøêîäæåíî. Îëåã Îëåêñàíäðîâè÷  ïðèç-
íà÷àºòüñÿ â³äïîâ³äàëüíèì çà â³äíîâëåííÿ
ðîáî÷îãî ñòàíó ëàáîðàòîð³é, ïðèì³ùåíü
åêñïåðèìåíòàëüíèõ ìàéñòåðåíü ³ ãóðòî-
æèòêó, ÿêèé çíàõîäèâñÿ ó ïðèáóäîâ³ äî
ìàéñòåðåíü.

Óñ³ áóä³âåëüíî-ðåìîíòí³ ðîáîòè âèêîíó-
âàëè í³ìåöüê³ â³éñüêîâîïîëîíåí³, ñåðåä ÿêèõ
âèÿâèëèñÿ ³ íåîáõ³äí³ ìàéñòðè. Ïðàöþâàëè
äîâîë³ ìëÿâî, ùî íå çàäîâîëüíÿëî êåð³â-
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Äèðåêòîð ²íñòèòóòó åêñïåðèìåíòàëüíî¿ á³îëîã³¿ ³
ïàòîëîã³¿ ÌÎÇ Óêðà¿íè, ÷ëåí-êîðåñïîíäåíò ÍÀÍ
Óêðà¿íè Îëåã Îëåêñàíäðîâè÷ Áîãîìîëåöü, 1953 ð³ê

íèöòâî. Òîä³ Îëåã Îëåêñàíäðîâè÷ âèêîðèñ-
òàâ ðèçèêîâàíèé íà òîé ÷àñ ïðèéîì � îðãà-
í³çóâàâ çìàãàííÿ ì³æ áðèãàäàìè. Íàãîðî-
äîþ áóëî äîäàòêîâå õàð÷óâàííÿ. Íà òë³
ñóâîðèõ îáìåæåíü ïðîäóêò³â ³ êàðòêîâî¿
ñèñòåìè ¿õ ðîçïîä³ëó òàê³ ä³¿ ìîãëè çàê³í÷è-
òèñÿ çíà÷íèìè íåïðèºìíîñòÿìè. Ïðîòå âñ³
ðåìîíòí³ ðîáîòè áóëè çàâåðøåí³ ñâîº÷àñíî.
Îëåã Îëåêñàíäðîâè÷ äîáðå ðîçáèðàâñÿ ³ ó
áóä³âíèöòâ³,  ³  ó òåõí³ö³,  áðàâ ó÷àñòü ó
äîâîºííîìó çâåäåíí³ áóä³âåëü ³íñòèòóòó.
Ïðîòÿãîì áàãàòüîõ ðîê³â â³í áóâ ÷ëåíîì
Òåõí³÷íî¿ ðàäè ³íñòèòóòó, ÿêà âèð³øóâàëà
ïåðñïåêòèâí³ íàïðÿìêè êîíñòðóêòîðñüêî¿ òà
âèðîáíè÷î¿ ä³ÿëüíîñò³ åêñïåðèìåíòàëüíî-
äîñë³äíèõ ìàéñòåðåíü. Çà éîãî áåçïîñå-
ðåäíüîþ ó÷àñòþ áóëî çàïî÷àòêîâàíî ìå-
äè÷íå ïðèëàäîáóäóâàííÿ â Óêðà¿í³.

Òåõí³÷í³ ñõèëüíîñò³ Îëåãà Îëåêñàíä-
ðîâè÷à ñïîíóêàëè éîãî äî ó÷àñò³ ó ð³çíîìà-
í³òíèõ ïðîåêòàõ, íå ïîâ�ÿçàíèõ ç ìåäèöè-
íîþ. Çîêðåìà, â³í ñï³âïðàöþâàâ ç íàóêîâ-
öÿìè, ùî âèð³øóâàëè ïðîáëåìó ñïðÿìî-
âàíèõ âèáóõ³â. Ö³ºþ òåìîþ çàéìàâñÿ àêà-
äåì³ê Ì.Î. Ëàâðåíòüºâ ó ïåðåäì³ñò³ Êèºâà
Ôåîôàí³¿. Íà îñòðîâ³ ïîñåðåä îçåðà ðîçòà-
øîâóâàëè çàô³êñîâàíèé ìàíåêåí îá�ºêòà.
Ïî áåðåãàì îçåðà, çà ïåâíîþ ñõåìîþ çàê-
ð³ïëÿëè äåê³ëüêà ïîðö³é âèáóõ³âêè. Îäíî-
÷àñíèé âèáóõ ó ê³ëüêîõ òî÷êàõ äàâàâ çìîãó
ñïðÿìóâàòè âèáóõîâó õâèëþ íà îá�ºêò. Çà
ö³ ðîáîòè àêàäåì³ê Ëàâðåíòüºâ îäåðæàâ
äåðæàâíó íàãîðîäó (ôîòî). Ïðèíöèï Ëàâ-
ðåíòüºâà íèí³ âèêîðèñòîâóþòü ïðè óëüòðà-
çâóêîâîìó ðóéíóâàííÿ êàìåí³â ó íèðêàõ ÷è
ñå÷îâîäàõ.

19 ëèïíÿ 1946 ð. ðîäèíó Áîãîìîëüö³â ³
êîëåêòèâ äâîõ ³íñòèòóò³â ñï³òêàëî ãîðå �
ïîìåð Îëåêñàíäð Îëåêñàíäðîâè÷ Áîãîìî-
ëåöü. 2 ñåðïíÿ 1946 ð. Îëåãà Áîãîìîëüöÿ
ïðèçíà÷åíî äèðåêòîðîì ²íñòèòóòó åêñïåðè-
ìåíòàëüíî¿ á³îëîã³¿ ³ ïàòîëîã³¿ Íàðêîìàòó
çäîðîâ�ÿ ÓÐÑÐ. Äèðåêòîð ó öåé ïåð³îä
çàéìàâñÿ ïðîáëåìàìè ãîìîòðàíñïëàíòàö³¿
òêàíèí, äîñë³äæåííÿìè ñòèìóëþâàëüíî¿ ä³¿
ïåðåëèâàííÿ êðîâ³, ïèòàííÿì êë³í³÷íîãî

âèêîðèñòàííÿ öèòîòîêñèí³â, ïàòîãåíåçîì
ïðîìåíåâî¿ õâîðîáè. Ïîâîºíí³ óìîâè ñòâî-
ðþâàëè áàãàòî ïåðåøêîä íàóêîâ³é ðîáîò³.
Îäíàê áóëè é ïîçèòèâí³ çì³íè � â³äì³íà
êàðòêîâî¿ ñèñòåìè ðîçïîä³ëó ïðîäóêò³â õàð-
÷óâàííÿ. Öå ïîëåãøóâàëî íàëàãîäæóâàòè
ïîáóò ñï³âðîá³òíèê³â. Í³ùî íå â³ùóâàëî
íàñòóïíî¿ òðàãåä³¿. Ïðîòå âîíà â³äáóëàñÿ.

Ñåñ³ÿ ÂÀÑÕÍ²Ë ³ì. Â.². Ëåí³íà, çäàâà-
ëîñÿ, íå ìàëà í³÷îãî ñï³ëüíîãî ç ïàòîô³ç³î-
ëîã³ºþ. Äîïîâ³äü ¿¿ Ïðåçèäåíòà Ò.Ä. Ëèñåí-
êà ñòîñóâàëàñÿ ïðîáëåì ãåíåòèêè ó ñ³ëüñü-
êîìó ãîñïîäàðñòâ³ .  Áóëà ïðîâåäåíà íà
êøòàëò ïàðò³éíèõ ç�¿çä³â, à íå íàóêîâèõ
êîíôåðåíö³é. Çàçäàëåã³äü ï³äãîòîâëåíó
ðåçîëþö³þ ñå ñ ³ ¿  ðîçïîâñþäèëè ó  âñ ³õ
íàóêîâèõ çàêëàäàõ êðà¿íè äëÿ îáîâ�ÿçêîâîãî
âèêîíàííÿ. Âèñîêîêâàë³ô³êîâàí³ ãåíåòèêè
áóëè ïîçáàâëåí³ ðîáîòè, äåÿê³ � ñâîáîäè.
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Àêàäåì³ê Ì.Î.Ëàâðåíòüºâ (ë³âîðó÷) òà Î.Î.Áîãîìîëåöü, 1955 ð³ê

²ç Ñèá³ðó, ò³ õòî âèæèâ, ïîâåðòàëèñÿ âæå ó
ïîõèëîìó â³ö³. Õâèëÿ ëèñåíê³âñüêî¿ áîðîòü-
áè «çà ÷èñòîòó ïàðò³éíî¿ ë³í³¿ â ðàäÿíñüê³é
íàóö³» ä³éøëà ³ äî ô³ç³îëîã³¿. Çàâäÿêè �â³ð-
íèì ëåí³íöÿì� Ê.Ì. Áèêîâó òà Å.Ø. Àéðà-
ïåòüÿíöþ ñåðåä ïóáë³êàö³é ô³ç³îëîã³â âèÿ-
âèëè «ï³äîçð³ëèõ» àâòîð³â. Öå áóëè Ë.À. Îð-
áåë³, Ë.Ñ. Øòåðí, Î.Î. Áîãîìîëåöü. Ï³ä-
ãîòîâëåíà Ïðåçèä³ºþ ñïåö³àëüíî¿ ñåñ³¿ ÀÍ
ÑÐÑÐ ðåçîëþö³ÿ âêàçóâàëà íà ïîìèëêè
Áîãîìîëüöÿ ó ïåðåíåñåíí³ öåíòðó óâàãè â³ä
êåð³âíî¿ ðîë³ ÖÍÑ íà ñïîëó÷íó òêàíèíó.
Îëåãó Îëåêñàíäðîâè÷ó òà âñ³ì éîãî ó÷íÿì
áóëî çàïðîïîíîâàíî çðåêòèñÿ ïîìèëîê ³
ïåðåêëþ÷èòèñÿ íà äîñë³äæåííÿ ðîë³ ÖÍÑ.

ßê çãàäóþòü ÷ëåíè ðîäèíè, á³ëüø³ñòü
ó÷í³â âèñòóïèëè ç ïîêàÿííèìè äîïîâ³äÿìè.
Íà ñâî¿õ ïîçèö³ÿõ çàëèøèëèñÿ ëèøå òðîº �
Î. Áîãîìîëåöü, Í. Ìºäâºäºâà òà ². Íåéìàí.
Âñ³ âîíè âòðàòèëè ðîáîòó. Ê³ëüêà ì³ñÿö³â
ïàðàäí³ äâåð³ ²íñòèòóòó ñòîÿëè çàìêíå-
íèìè. Ò³ ç³ ñï³âðîá³òíèê³â, ÿê³ ìàëè íåâ³ä-
êëàäí³ äîñë³äè, çìóøåí³ áóëè êðàäüêîìà
çàõîäèòè äî ³íñòèòóòó ç³ âíóòð³øíüîãî äâîðó.
Äëÿ ïîñèëåííÿ ïàðò³éíî-íàóêîâî¿ äèñöèïë³íè
â ³íñòèòóò íàïðàâèëè ôàõ³âö³â ïàâë³âñüêî¿
øêîëè ô³ç³îëîã³â, ÿê³ î÷îëèëè äîñë³äæåííÿ
ÖÍÑ.

Çãîäîì Îëåã Îëåêñàíäðîâè÷ çíàéøîâ
ðîáîòó â Óêðà¿íñüêîìó íàóêîâî-äîñë³äíîìó
ñàí³òàðíî-õ³ì³÷íîìó ³íñòèòóò³ ÌÎÇ ÓÐÑÐ.

Î÷îëþâàâ ëàáîðàòîð³þ ïàòîô³ç³îëîã³¿ ,
çàéìàâñÿ  ïðîáëåìàìè ³íòîêñèêàö³ ¿  òà
ïîøóêàìè çàñîá³â ë³êâ³äàö³¿ ðóéí³âíî¿ ä³¿
òîêñèí³â íà îðãàí³çì ëþäèíè. Ó ò³ ðîêè âñ³
ðåçóëüòàòè òàêèõ äîñë³äæåíü ïîäàâàëèñÿ
êåð³âíèöòâó ó âèãëÿä³ ïðîøíóðîâàíèõ çâ³ò³â
ç ï³äïèñàìè íà êîæíîìó àðêóø³, ÿê³ çáåð³-
ãàëèñÿ ó ñïåöàðõ³âàõ. Íåçâàæàþ÷è íà öå,
ðåêîìåíäîâàí³ Îëåãîì Áîãîìîëüöåì àíòè-
äîòè ó ìèðíèé ÷àñ çíàéøëè ñâîº çàñòîñó-
âàííÿ â ìåäèöèí³ òåðì³íàëüíèõ ñòàí³â. Çà
öèêë öèõ ðîá³ò ó 1971 ð. Îëåãó Îëåêñàíä-
ðîâè÷ó áóëî ïðèñóäæåíî òà âðó÷åíî ïðåì³þ
³ìåí³ éîãî áàòüêà.

Ó 1980 ð. Î. Áîãîìîëåöü ïîâåðíóâñÿ äî
ðîáîòè â ²íñòèòóò³ ô³ç³îëîã³¿ ³ìåí³ Î.Î. Áî-
ãîìîëüöÿ ³ ñïðÿìóâàâ çóñèëëÿ íà ñòâîðåííÿ
ìåìîð³àëüíîãî ìóçåþ Îëåêñàíäðà Îëåê-
ñàíäðîâè÷à Áîãîìîëüöÿ. Âñ³ ñòåíäè òà åêñ-
ïîçèö³¿ ìóçåþ ïîïîâíåí³ ìàòåð³àëàìè ç
ñ³ìåéíîãî òà äåðæàâíèõ àðõ³â³â. Âîíè íàî÷-
íî ³ëþñòðóþòü íàóêîâ³ äîñÿãíåííÿ ìèíóëèõ
ïîêîë³íü â÷åíèõ ²íñòèòóòó. Ìóçåé â³äâ³-
äóþòü â³ò÷èçíÿí³ òà çàðóá³æí³ äåëåãàö³¿.
Ïåðøîãî òðàâíÿ 1991 ð. íåâòîìíà ðîáîòà
éîãî ³íòåëåêòó, ðóê ³ ñåðöÿ ïðèïèíèëàñü...
Çàëèøèëèñü ïóáë³êàö³¿ Î.Áîãîìîëüöÿ, çâ³òè
ïðî éîãî ³ííîâàö³éí³ ìåòîäè äåòîêñèêàö³¿ ³
äåðæàâí³ íàãîðîäè. Ñåðåä íèõ: äâà îðäåíà
�Çíàê Ïî÷åòà� (1944, 1953), îðäåí Òðóäî-
âîãî Êðàñíîãî Çíàìåíè (1961), â³ñ³ì ìåäà-

²ÑÒÎÐ²ß ÍÀÓÊ
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ëåé (1945, 1946, 1966, 1969, 1970, 1975, 1978,
1978).

Ç ³ñòîð³¿ ñëàâåòíèõ íàóêîâèõ øê³ë â³äî-
ìî, ùî ó Ëó¿ Ïàñòåðà áóâ ïîñò³éíèé òåõí³÷-
íèé àñèñòåíò, ïîì³÷íèê ³ ñï³âàâòîð áàãàòüîõ
ïðàöü � Åì³ëü Ðó. Â³í ºäèíèé ç³ ñï³âðî-
á³òíèê³â ëàáîðàòîð³¿ ìàâ âîäíî÷àñ ìåäè÷íó
³ òåõí³÷íó îñâ³òó. Äî éîãî îáîâ�ÿçê³â âõî-
äèëà ðîçðîáêà óñòàòêóâàííÿ òà åêñïåðè-
ìåíòàëüíà ïåðåâ³ðêà âñ³õ ñòâîðåíèõ Ïàñòå-
ðîì âàêöèí. Çà ñâ³ä÷åííÿìè ôðàíöóçüêîãî
³ñòîðèêà À. Äåëàíî « äëÿ âñ³õ ðîá³ò, ùî
ñòîñóâàëèñÿ ìåäèöèíè àáî ÿê³ ïîòðåáóâàëè
ñïåö³àëüíèõ òåõí³÷íèõ íàâè÷îê, Åì³ëü áóâ

íåçàì³ííèì». Òàêèé ñàìî íåçàì³ííèé ïîì³÷-
íèê ó ñêëàäíèõ òåõí³÷íèõ ïðîáëåìàõ ìåäè-
öèíè, á³îëîã³¿ é îðãàí³çàö³¿ íàóêîâî¿ ðîáîòè
áóâ ³ ó çàñíîâíèêà óêðà¿íñüêî¿ ïàòîô³ç³îëîã³¿
Îëåêñàíäðà Îëåêñàíäðîâè÷à Áîãîìîëüöÿ.
Öå � Îëåã Îëåêñàíäðîâè÷ Áîãîìîëåöü. Ó
ðîêè ìèðó, ó ðîêè â³éíè, ó ðîêè ïîâîºííî¿
ñêðóòè â³í áóâ âç³ðöåì ãðîìàäÿíñüêî¿ ñâ³-
äîìîñò³, íàóêîâî¿ åòèêè, âèñîêî¿ ïðàöåçäàò-
íîñò³ òà ïðàöåëþáíîñò³, îñîáèñòî¿ ñêðîì-
íîñò³. Ç óñ³ìà íàãîðîäàìè â³í ïðèõîäèâ äî
²íñòèòóòó ëèøå îäèí ðàç íà ð³ê � 9 òðàâíÿ.
Íà çíàê ïîøàíè é ïàì�ÿò³ ïðî äðóç³â ³ êîëåã,
ùî íå ïîâåðíóëèñÿ äî ìèðíîãî æèòòÿ.

Â.ß.Áåðåçîâñüêèé

²ÑÒÎÐ²ß ÍÀÓÊ
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6 ëèïíÿ 2011 ð. âèïîâíþºòüñÿ 70 ðîê³â ç äíÿ
íàðîäæåííÿ íåéðîô³ç³îëîãà, äîêòîðà á³îëî-
ã³÷íèõ íàóê, ïðîôåñîðà êàôåäðè ô³ç³îëîã³¿
ëþäèíè ³ òâàðèí ³ á³îô³çèêè Òàâð³éñüêîãî
íàö³îíàëüíîãî óí³âåðñèòåòó ³ì. Â.². Âåðíàä-
ñüêîãî ²âàíà ²âàíîâè÷à Êîðåíþêà.

²âàí ²âàíîâè÷ íàðîäèâñÿ â ñ. Çáàðæ³âêà
Ïîãðåáèùåíñüêîãî ðàéîíó Â³ííèöüêî¿ îá-
ëàñò³. Îäåðæàâ âèùó îñâ³òó íà ïðèðîäíè÷î-
ãåîãðàô³÷íîìó ôàêóëüòåò³  Êðèìñüêîãî
ïåäàãîã³÷íîãî ³íñòèòóòó (Ñ³ìôåðîïîëü,
1963�1968 ðð.), ï³ñëÿ ÷îãî ð³ê ïðàöþâàâ
ó÷èòåëåì á³îëîã³¿ â Ëîáàí³âñüê³é ÑØ Äæàí-
êîéñüêîãî ðàéîíó. Ç 1969 ð. ïî 1971 ðð. �

ïðàöþâàâ ëàáîðàíòîì êàôåäðè àíàòîì³¿ ³
ô³ç³îëîã³¿ Êðèìñüêîãî ïåä³íñòèòóòó. Ç 1971
ïî 1974 ðð.  íàâ÷àâñÿ â àñï³ðàíòóð³ íà
êàôåäð³ àíàòîì³¿ ³ ô³ç³îëîã³¿. Äëÿ âèêîíàííÿ
åêñïåðèìåíòà ëüíî¿  ÷àñòèíè íàó êîâèõ
äîñë³äæåíü áóâ â³äðÿäæåíèé â ²íñòèòóò
çîîëîã³¿ Ìîëäàâñüêî¿ àêàäåì³¿ íàóê (ì.
Êèøèí³â), äå ó÷íåì Ä.Ñ. Âîðîíöîâà Ñ.À.
Êóçíåöîâèì áóëà ñòâîðåíà ñó÷àñíà ëàáîðà-
òîð³ÿ äîñë³äæåííÿ íåéðîííî¿ àêòèâíîñò³.
Êàíäèäàòñüêó äèñåðòàö³þ («Ìèêðîýëåêòðî-
ôèçèîëîãè÷åñêîå èññëåäîâàíèå èìïóëüñíîé
àêòèâíîñòè íåéðîíîâ êîðêîâûõ ó÷àñòêîâ
ìîòîðíîãî êîíòðîëÿ ïðè íàíåñåíèè ïðîï-
ðèîöåïòèâíûõ ðàçäðàæåíèé») çàõèñòèâ ó
1975 ð. (×åðí³âåöüêèé äåðæàâíèé óí³âåð-
ñèòåò). Â 1974�1975 ðð. ²âàí ²âàíîâè÷ óïåð-
øå ó Êðèìó çàñíóâàâ ëàáîðàòîð³þ äîñë³ä-
æåíü åëåêòðè÷íî¿ àêòèâíîñò³ ÿê îêðåìèõ
íåéðîí³â, òàê ³ ñóìàðíèõ ïîòåíö³àë³â êîðè ó
Ñ³ìôåðîïîëüñüêîìó äåðæàâíîìó óí³âåð-
ñèòåò³ ³ì. Ì.Â. Ôðóíçå. Ç 1975 ïî 1995 ðð.
íàóêîâ³ ³íòåðåñè ².². Êîðåíþêà ëåæàëè â
ïëîùèí³ îðèã³íàëüíèõ äîñë³äæåíü ñåíñî-
ìîòîðíî¿ ³íòåãðàö³¿ íà ³äåíòèô³êîâàíèõ
íåéðîíàõ ò³ì�ÿíî¿ àñîö³àòèâíî¿ êîðè âåëèêèõ
ï³âêóëü ãîëîâíîãî ìîçêó. Ðåçóëüòàòè öèõ
äîñë³äæåíü ñòàëè îñíîâîþ éîãî  äîêòîð-
ñüêî¿ äèñåðòàö³¿ (�Íåéðîííûå ìåõàíèçìû
àôôåðåíòíîé è ýôôåðåíòíîé ôóíêöèé òå-
ìåííîé àññîöèàòèâíîé îáëàñòè êîðû ìîç-
ãà�), ÿêó â³í çàõèñòèâ ó 1990 ð. (Ëåí³íãðàä-
ñüêèé óí³âåðñèòåò). Ç 1974 ð. ³ ïîíèí³ ïðà-
öþº âèêëàäà÷åì ó Òàâð³éñüêîìó íàö³îíàëü-
íîìó óí³âåðñèòåò³ ³ì. Â.². Âåðíàäñüêîãî:
äîöåíò êàôåäðè ô³ç³îëîã³¿ ëþäèíè ³ òâàðèí
(â³ä 1976 ð.), ïðîôåñîð êàôåäðè ô³ç³îëîã³¿
ëþäèíè ³ òâàðèí òà á³îô³çèêè (â³ä 1992 ð.).

Ïîò³ì ².². Êîðåíþê ïåðåîð³ºíòóâàâ ðî-
áîòó ëàáîðàòîð³¿ íà  âíóòð³øíüîêë³òèííó
ðåºñòðàö³þ ïîòåíö³àë³â ³íòàêòíèõ òà ³çîëüî-
âàíèõ íåðâîâèõ êë³òèí ãàíãë³ ¿â  ìîçêó
ðàâëèêà äëÿ âèâ÷åííÿ ìåõàí³çì³â âèíèê-

ÞÂ²ËÅÉÍ²  ÄÀÒÈ

²âàí ²âàíîâè÷ Êîðåíþê
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íåííÿ ïåéñìåêåðíî¿ àêòèâíîñò³ òà îðãàí³-
çàö³¿ ñèíàïòè÷íèõ çâ�ÿçê³â íåéðîí³â, âèÿâ-
ëåííÿ ìîæëèâèõ íåéðîííèõ ìåõàí³çì³â ÿê
åòàëîííèõ ë³êàðñüêèõ çàñîá³â, òàê ³ íîâî-
ñèíòåçîâàíèõ õ³ì³÷íèõ ðå÷îâèí ó çâè÷àéíèõ
òåðàïåâòè÷íèõ ³ íàäìàëèõ êîíöåíòðàö³ÿõ. Ç
2003 ð. ï³ä êåð³âíèöòâîì ².². Êîðåíþêà ó
ëàáîðàòîð³¿ áóëî âïðîâàäæåíî ïîâåä³íêîâ³
òà ³íø³ ñèñòåìí³ äîñë³äæåííÿ íà ùóðàõ, ùî
äàëî çìîãó âèâ÷àòè ïñèõîòðîïí³, ïðîòè-
áîëüîâ³,  ïðîòèçàïàëüí³ òà ³íø³ åôåêòè
äîñë³äæóâàíèõ ñïîëóê.  Âàæëèâèì º òå, ùî
²âàí  ²âàíîâè÷  â  îñòàííº  äåñÿòèð³÷÷ÿ
çàëó÷èâ äî ñâî¿õ äîñë³äæåíü ñï³âðîá³òíèê³â,
àñï³ðàíò³â ³ ñòóäåíò³â êàôåäð îðãàí³÷íî¿ ³
íåîðãàí³÷íî¿ õ³ì³¿, ÿê³ ñèíòåçóþòü íîâ³
ñïîëóêè. Íèí³ â ëàáîðàòîð³¿ âèïðîáóâàíî
ïîíàä 150 ñïîëóê äëÿ âèçíà÷åííÿ íàÿâíîñò³
ó íèõ íåéðîòðîïíî¿ òà ïñèõîòðîïíî¿ ä³¿,
íàïðàâëåíîñò³ ,  ïîðîãó,  îïòèìàëüíèõ ³
òîêñè÷íèõ êîíöåíòðàö³é/äîç. Òàê³ äîñë³ä-
æåííÿ ìàþòü âåëèêå òåîðåòè÷íå ³ ïðàê-
òè÷íå çíà÷åííÿ äëÿ íåéðîá³îëîã³¿, íåéðî-
ôàðìàêîëîã³¿, êë³í³÷íî¿ ìåäèöèíè, á³îõ³ì³¿,
ñèíòåçó íîâèõ ñïîëóê òà ³íøèõ íàóêîâèõ
íàïðÿìê³â. Òàêèì ÷èíîì, îá´ðóíòîâóºòüñÿ
ïåðñïåêòèâí³ñòü ïîøóêó íîâèõ íåéðî-,
ïñèõîòðîïíèõ òà ³íøèõ ë³êàðñüêèõ ïðåïàðàò³â.

².². Êîðåíþê â³äîìèé íå ò³ëüêè ÿê ó÷åíèé

³ ïåäàãîã, à òàêîæ ÿê îðãàí³çàòîð íàóêè â
Òàâð³éñüêîìó íàö³îíàëüíîìó óí³âåðñèòåò³ ³
â Óêðà¿í³. Ïðîòÿãîì 15 ðîê³â â³í âèêîíóº
îáîâ�ÿçêè ãîëîâè Êðèìñüêîãî â³ää³ëåííÿ
ô³ç³îëîã³÷íîãî òîâàðèñòâà Óêðà¿íè, òðè ðîêè
êåðóâàâ ðîáîòîþ ñïåö³àë³çîâàíî¿ ðàäè ç
çàõèñòó êàíäèäàòñüêèõ äèñåðòàö³é, ç 2004
ïî 2010 ðð. ïðàöþâàâ åêñïåðòîì Äåðæàâíî¿
àêðåäèòàö³éíî¿ êîì³ñ³¿.

Çà 42 ðîêè ðîáîòè â óí³âåðñèòåò³ â³í
âèõîâàâ ïëåÿäó ñïåö³àë³ñò³â ³ ó÷åíèõ. Ï³ä
éîãî êåð³âíèöòâîì âèêîíàíî 135 äèïëîìíèõ
ðîá³ò òà 12 êàíäèäàòñüêèõ äèñåðòàö³é.

Ïðîôåñîð ².². Êîðåíþê ïîíàä 30 ðîêiâ
÷èòàº ëåêö³¿ ç äèñöèïë³í: ô³ç³îëîã³ÿ ëþäèíè
³ òâàðèí, ô³ç³îëîã³ÿ öåíòðàëüíî¿ íåðâîâî¿
ñèñòåìè, ô³ç³îëîã³ÿ àíàë³çàòîð³â; â³í àâòîð
ïîíàä 220 íàóêîâèõ ïðàöü, íàäðóêîâàíèõ ÿê
ó â³ò÷èçíÿíèõ, òàê ³ â çàðóá³æíèõ âèäàííÿõ,
ìàº 12 ïàòåíò³â íà âèíàõ³ä, çðîáèâ âàãîìèé
âíåñîê ó ðîçâèòîê íåéðîô³ç³îëîã³÷íî¿ íàóêè.
Éîãî ïðîôåñ³éíèé äîñâ³ä ö³íÿòü êîëåãè,
àñï³ðàíòè òà ñòóäåíòè.

Êîëåãè, ó÷í³, âñ³ ñï³âðîá³òíèêè á³îëî-
ã³÷íîãî ôàêóëüòåòó Òàâð³éñüêîãî íàö³îíàëü-
íîãî óí³âåðñèòåòó ³ì. Â.². Âåðíàäñüêîãî â³ä
ùèðîãî ñåðöÿ â³òàþòü þâ³ëÿðà ³ áàæàþòü
éîìó çäîðîâ�ÿ, ùàñòÿ òà óñï³õ³â ó ïîäàëüø³é
ðåàë³çàö³¿ òâîð÷èõ çàäóì³â.

ÞÂ²ËÅÉÍ² ÄÀÒÈ
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ÐÅÖÅÍÇ²¯

Ì.Þ. Ìàêàð÷óê, Ì.Ñ. Ì³ðîøíè÷åíêî

Äî âèõîäó íàâ÷àëüíîãî ïîñ³áíèêà

«Îñíîâè ìîëåêóëÿðíî¿ ô³ç³îëîã³¿ ³îííèõ êàíàë³â» ß.Ì. Øóáè

«Âñÿêàÿ æèâàÿ êëåòêà, áóäüòî Protozoa èëè
ëþáàÿ êëåòêà ìíîãîêëåòî÷íîãî îðãàíèçìà,
íàõîäèòñÿ  â  îïðåäåëåííûõ âçàèìîîò-
íîøåíèÿõ ñ îêðóæàþùåé åå ñðåäîé. Èç ýòîé
ñðåäû îíà áåðåò íóæíûå åé âåùåñòâà è
îòäàåò â íåå ïðîäóêòû ñâîåãî îáìåíà. È
õîòÿ ó ìíîãîêëåòî÷íûõ æèâîòíûõ, îñîáåí-
íî âûñøèõ, âíåøíÿÿ ñðåäà äëÿ âñÿêîé
êëåòêè äàííîãî îðãàíèçìà îäèíàêîâà (êðîâü
è ëèìôà), ðàçíûå êëåòêè, ñóäÿ ïî èõ õè-
ìè÷åñêîìó ñîñòàâó, áåðóò èç âíåøíåé ñðå-
äû ðàçëè÷íûå âåùåñòâà. Åñòåñòâåííî âîç-
íèêàåò âîïðîñ,  êàêèì îáðàçîì êëåòêè
îïðåäåëÿþò íóæíûå èì âåùåñòâà â ñâîåé
ñðåäå  è  êàê  îíè ýòè âåùåñòâà  ââîäÿò
âíóòðü? Ñîâåðøåííî ÿñíî, ÷òî ðàñïîçíà-
âàíèå è ââåäåíèå âåùåñòâ âíóòðü êëåòêè
îñóùåñòâëÿåòñÿ ïðåæäå âñåãî ïîâåðõ-
íîñòüþ êëåòêè, êîòîðàÿ ñîïðèêàñàåòñÿ ñî
ñðåäîé. Íà ýòî äàâíî óæå îáðàòèëè âíèìà-
íèå ôèçèîëîãè è ïðèøëè ê çàêëþ÷åíèþ, ÷òî
âñÿêàÿ æèâàÿ êëåòêà ïîêðûòà ñíàðóæè
îñîáûì ñëîåì ïðîòîïëàçìû, êîòîðûé è
îñóùåñòâëÿåò  ðàçëè÷åíèå  âåùåñòâ  âî
âíåøíåé ñðåäå è ïðîâåäåíèå èõ âíóòðü
êëåòêè. Ýòîò ñëîé ïîëó÷èë íàçâàíèå ïðî-
òîïëàçìàòè÷åñêîé ìåìáðàíû. Ñîâåðøåííî
ÿñíî, ÷òî ïîçíàíèå ïðèðîäû ýòîé ìåìáðàíû
è ìåõàíèçìà åå äåÿòåëüíîñòè áûëî áû
÷ðåçâû÷àéíî âàæíûì øàãîì ê ïîçíàíèþ
ìåõàíèçìà äåÿòåëüíîñòè æèâîé êëåòêè â
öåëîì.».

Öÿ äîñèòü ðîçëîãà öèòàòà ç ìîíîãðàô³¿
Ä.Ñ.Âîðîíöîâà ³ Ì.Ô. Øóáè «Ôèçè÷åñêèé
ýëåêòðîòîí íåðâîâ è ìûøö», ÿêà ïîáà÷èëà ñâ³ò
ó âèäàâíèöòâ³ «Íàóêîâà äóìêà» ó 1966 ð., à

îáèäâà àâòîðè áóëè ñï³âðîá³òíèêàìè ²íñòè-
òóòó ô³ç³îëîã³¿ ³ìåí³ Î.Î. Áîãîìîëüöÿ. Òàêå
öèòóâàííÿ, íà íàøó äóìêó, º ö³ëêîì âèïðàâ-
äàíèì, àäæå íàâ÷àëüíèé ïîñ³áíèê, ïðî ÿêèé
³òèìåòüñÿ, äàº â³äïîâ³ä³ íà ò³ ôóíäàìåí-
òàëüí³ ïèòàííÿ, êîòð³ ïîñòàâèëè äâà êîðèôå¿
ñâ³òîâî¿ åëåêòðîô³ç³îëîã³¿ â ñâî¿é ïðàö³ â òîé
óæå äàëåêèé-íåäàëåêèé ÷àñ. Òèì á³ëüøå,
ùî ñàì àâòîð º ïðÿìèì ïðîäîâæóâà÷åì òèõ
ñëàâíèõ ³ìåí â ïðÿìîìó ³ ïåðåíîñíîìó
çíà÷åíí³ öüîãî ñëîâà.

Ùî æ äî ðåöåíçîâàíîãî íàâ÷àëüíîãî
ïîñ³áíèêà, ÿêèé ðåêîìåíäîâàíèé Ì³í³ñòåð-
ñòâîì îñâ³òè ³ íàóêè Óêðà¿íè äëÿ ñòóäåíò³â
³ àñï³ðàíò³â ìåäè÷íî-á³îëîã³÷íèõ ñïåö³àëü-
íîñòåé âèùèõ íàâ÷àëüíèõ çàêëàä³â, òî â³ä-
ðàçó ñë³ä â³äì³òèòè éîãî íàäçâè÷àéíó íà-
ãàëüí³ñòü ³ íåîáõ³äí³ñòü äëÿ âèùî¿ øêîëè
Óêðà¿íè. Öå çóìîâëåíî íàñàìïåðåä òèì, ùî
ïîïðè íàÿâí³ñòü â Óêðà¿í³ ïîòóæíèõ íàóêî-
âèõ øê³ë, ÿê³ áóëè ³ çàëèøàþòüñÿ â ÍÀÍ
Óêðà¿íè, ¿õíÿ óâàãà äî ñòâîðåííÿ ñó÷àñíèõ
ï³äðó÷íèê³â ³ íàâ÷àëüíèõ ïîñ³áíèê³â äëÿ
âèùî¿  øêîëè,  çà  äåÿêèìè âèíÿòêàìè,
ïðàêòè÷íî íå â³ä÷óâàºòüñÿ.

Ó ÷îìó æ íàãàëüí³ñòü ³ íåîáõ³äí³ñòü
òàêîãî íàâ÷àëüíîãî ïîñ³áíèêà? Çâè÷àéíî æ
íå ëèøå â òîìó, ùî â³í íàïèñàíèé óêðà¿íñü-
êîþ ìîâîþ, õî÷à é öå éîãî çíà÷åííÿ âàæêî
ïåðåîö³íèòè, à îñíîâíèì äîñòî¿íñòâîì º òå,
ùî éîãî àâòîð â³äîìèé ó ñâ³ò³ ôàõ³âöü ó ö³é
ãàëóç³ ³ òîìó çäàòíèé âèêëàñòè ïîñë³äîâíî
òà ëîã³÷íî âêðàé ñêëàäí³ ïèòàííÿ ñó÷àñíî¿,
çà âèçíà÷åííÿì ñàìîãî àâòîðà, «á³îêà-
íàëîã³¿». Îñê³ëüêè, ÿê çàçíà÷àºòüñÿ ó âñòóï³
äî ïîñ³áíèêà, íèí³ íàóêà ïðî ³îíí³ êàíàëè
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êë³òèííèõ ìåìáðàí îá�ºäíàëà ìåòîäè÷í³
ï³äõîäè òàêèõ êëàñè÷íèõ äèñöèïë³í, ÿê
åëåêòðîô³ç³îëîã³ÿ, á³îõ³ì³ÿ, ³ìóíîëîã³ÿ,
öèòîëîã³ÿ, ìîëåêóëÿðíà á³îëîã³ÿ é ô³ç³îëîã³ÿ,
³ ïåðåòâîðèëàñü ó ñàìîñò³éíó ãàëóçü çíàíü.
Íåçàïåðå÷íèì äîêàçîì öüîãî òâåðäæåííÿ
º âèñâ³òëåííÿ â ïîñ³áíèêó ñó÷àñíèõ ìåòî-
äè÷íèõ ï³äõîä³â äî äîñë³äæåííÿ ìåìáðàí-
íèõ ³îííèõ êàíàë³â, ÿê³ êð³ì çàñòîñóâàííÿ
íîâ³òí³õ òåõí³ê åëåêòðîô³ç³îëîã³÷íîãî
äîñë³äæåííÿ îðãàí³÷íî âêëþ÷èëè á³ëüø³ñòü
ìåòîä³â ìîëåêóëÿðíî¿ á³îëîã³¿.

Ñàìå íà îñíîâ³ äàíèõ ìîëåêóëÿðíî-
á³îëîã³÷íîãî êëîíóâàííÿ ãåí³â êàíàë³â,
ìóòàãåíåçó, ñòðóêòóðíî-ôóíêö³îíàëüíèõ
äîñë³äæåíü ãåòåðîëîã³÷íî åêñïðåñîâàíèõ
êàíàë³â òà àíàë³çó çîáðàæåíü ç âèñîêîþ
ðîçä³ëüíîþ çäàòí³ñòþ êðèñòàë³çîâàíèõ
êàíàëüíèõ á³ëê³â àâòîð äåòàëüíî ïðåäñòàâ-
ëÿº ñó÷àñí³ óÿâëåííÿ ïðî êëàñèô³êàö³þ,
ìîëåêóëÿðíó áóäîâó òà ôóíêö³þ ³îííèõ
êàíàë³â ïëàçìàòè÷íî¿ ìåìáðàíè òâàðèííèõ
êë³òèí. Ó ïîñ³áíèêó ïîêàçàíà ìîëåêóëÿðíà
îðãàí³çàö³ÿ íà ð³âí³ á³ëêîâèõ äîìåí³â òà
îêðåìèõ àì³íîêèñëîò âàæëèâèõ ñòðóêòóðíî-
ôóíêö³îíàëüíèõ ñêëàäîâèõ ð³çíèõ òèï³â
³îííèõ êàíàë³â � ³îíîïðîâ³äíî¿ ïîðè, ñåëåê-
òèâíîãî ô³ëüòðà, ñåíñîðà ïîòåíö³àëó, àêòè-
âàö³éíèõ òà ³íàêòèâàö³éíèõ âîð³ò, çâ�ÿçó-
âàëüíèõ ä³ëÿíîê àãîí³ñò³â ³ àíòàãîí³ñò³â
òîùî. Âêðàé âàæëèâèì º ³  òå ,  ùî ïðè
ðîçãëÿä³ ð³çíèõ òèï³â ³îííèõ êàíàë³â âèñâ³ò-
ëåíà íå ò³ëüêè ¿õíÿ ðîëü ó çàáåçïå÷åíí³
íîðìàëüíèõ ô³ç³îëîã³÷íèõ ïðîöåñ³â, à é
ïîêàçàíî ó÷àñòü ó ð³çíîìàí³òíèõ ïàòîëî-
ã³÷íèõ ïðîöåñàõ,  ÿê³  íèí³  îá�ºäíóþòü
çàãàëüíèì òåðì³íîì «êàíàëîïàò³¿». Îêðå-

ìèé ðîçä³ë ïîñ³áíèêà ïðèñâÿ÷åíèé ðîçãëÿäó
êëàñèô³êàö³¿ òà ñòðóêòóðè G-á³ëîêcïðÿæå-
íèõ ìåòàáîòðîïíèõ ðåöåïòîð³â ³ êàíàë³â, ùî
íèìè êåðóþòüñÿ.

Ðåöåíçîâàíèé ïîñ³áíèê ñïðàâä³ º íàâ-
÷àëüíèì, áî ïîïðè âèñîêó ñêëàäí³ñòü ñàìî-
ãî ïðåäìåòà ³ ìàòåð³àëó àâòîð âèêëàäàº
éîãî íàäçâè÷àéíî ÷³òêî ³ ïîñë³äîâíî. Òàì,
äå öå ìîæëèâî, âèêîðèñòîâóº ³ëþñòðàö³¿, à
âåëè÷åçíèé ôàêòè÷íèé ìàòåð³àë îá�ºäíóº â
òàáëèö³. Ïðèºìíå âðàæåííÿ ñïðàâëÿþòü
êîëüîðîâ³ ñõåìè ³ ðèñóíêè. Çàãàëîì ÷èòàí-
íÿ ïîñ³áíèêà âèêëèêàº â³ä÷óòòÿ çàäîâî-
ëåííÿ, îñê³ëüêè ñàì òåêñò ñâ³ä÷èòü íå ò³ëü-
êè ïðî âåëè÷åçíó ðîáîòó íàä éîãî çì³ñòîì
³ ôîðìîþ, àëå çàñâ³ä÷óº ïàëêå áàæàííÿ
àâòîðà ïðîÿñíèòè é àðãóìåíòóâàòè òà
äîíåñòè äî ÷èòà÷à âñ³ áåç âèíÿòêó âèñëîâ-
ëåí³ â íüîìó ïîëîæåííÿ. Âàæëèâèì º ³ òå,
ùî, ðîçãëÿäàþ÷è ñòðóêòóðó ³ ôóíêö³þ òèõ
÷è ³íøèõ êàíàë³â, àâòîð çàæäè âèñâ³òëþº
«³ñòîð³þ ïèòàííÿ».

Íà çàâåðøåííÿ ñë³ä äîäàòè, ùî ðåöåíçî-
âàíèé íàâ÷àëüíèé ïî ñ³áíèê º  ñïðàâä³
ñó÷àñíèì ³  òîìó  áóäå  êîðèñíèì óñ ³ì
ñòóäåíòàì-á³îëîãàì, ÿê³ ñïåö³àë³çóþòüñÿ â
òàêèõ ãàëóçÿõ, ÿê ô³ç³îëîã³ÿ, á³îô³çèêà,
ìîëåêóëÿðíà á³îëîã³ÿ, á³îõ³ì³ÿ, ãåíåòèêà,
ã³ñòîëîã³ÿ òîùî. Çâè÷àéíî, ùî öåé ïîñ³áíèê
ìàº ñòàòè íàñò³ëüíîþ êíèãîþ äëÿ âñ³õ òèõ
ìîëîäèõ íàóêîâö³â, ÿê³ õî÷óòü ïðèñâÿòèòè
ñåáå íåéðîô³ç³îëîã³¿ ³ á³îô³çèö³. Õî÷åòüñÿ
ïîðåêîìåíäóâàòè éîãî âñ³ì òèì âèêëàäà-
÷àì, ÿê³ ÷èòàþòü çàãàëüí³ êóðñè ç ô³ç³îëîã³¿,
á³îô³çèêè, á³îõ³ì³¿ òà ñïåöêóðñè ç ô³ç³îëîã³¿
íåðâîâî¿ ñèñòåìè, ôàðìàêîëîã³¿, ïàòîëî-
ã³÷íî¿ ô³ç³îëîã³¿, ô³ç³îëîã³¿ ñåíñîðíèõ ñèñòåì.

Ïîñ³áíèê (448 ñòîð³íîê) âèéøîâ ó âèäàâíèöòâ³ �Íàóêîâà äóìêà� íàïðèê³íö³ 2010 ð. (â³äïîâ³äàëüíèé ðåäàêòîð �
àêàäåì³ê ÍÀÍ Óêðà¿íè Ï.Ã. Êîñòþê, ðåöåíçåíò � àêàäåì³ê ÍÀÍ Óêðà¿íè ².Ñ. Ìàãóðà, Ãðèô Ì³í³ñòåðñòâà îñâ³òè
òà íàóêè Óêðà¿íè � ëèñò ¹ 1/11-3136 â³ä 16.04.2010). Âèäàííÿ çä³éñíåíå çà äåðæàâíèì êîíòðàêòîì íà âèïóñê
íàóêîâî¿ äðóêîâàíî¿ ïðîäóêö³¿, à òîìó áàçîâ³é íàêëàä ó 3000 ïðèì³ðíèê³â ðîçïîâñþäæóºòüñÿ áåçêîøòîâíî.
Âèäàâíèöòâî âæå ðîç³ñëàëî ÷àñòèíó ïðèì³ðíèê³â äî îñíîâíèõ äåðæàâíèõ, óí³âåðñèòåöüêèõ ³ àêàäåì³÷íèõ
á³áë³îòåê Óêðà¿íè. Çàÿâêè íà îòðèìàííÿ îáìåæåíî¿ ê³ëüêîñò³ äîäàòêîâèõ ïðèì³ðíèê³â ïðèéìàþòüñÿ â³ä
êîëåêòèâíèõ çàìîâíèê³â (á³áë³îòåê, êàôåäð âóç³â, â³ää³ë³â ÍÄ²) çà àäðåñîþ ymsbbg@biph.kiev.ua òà
çàäîâîëüíÿþòüñÿ çà íàÿâí³ñòþ íà ³íäèâ³äóàëüí³é îñíîâ³.

Êè¿â. íàö. óí-ò ³ì. Òàðàñà Øåâ÷åíêà
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